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FIELD-PROGRAMMABLE LOGIC DATA BOOK 
1983 


Tl invented the Integrated Circuit, the Microprocessor, and the Microcomputer, which made Tl synonymous 
with reliability, affordability, and compactness. The products in this book carry on Tl’s tradition of technology 
leadership. 


This data book describes TI’s line of Field-Programmable Logic devices. Included are 20-pin and 24-pin fixed- 
OR-arrays (FOA) and FPLAs featuring user programmable sum-of-products. 


The 20-pin fixed-OR-arrays are pin-compatible with other programmable logic array devices available. The 
FPL products combine the ALS technology and proven titanium-tungsten (TI-W) fuses for reliable, high 
performance. 


The SN74PL839 and SN74PL840 field-programmable logic arrays contain 6 sum-of-products output 
functions that can be programmed either active high or active low depending on your system’s needs. 


Tl’s product plans include several high-complexity fixed-OR-array versions featuring registered inputs, 
registered-OR-latched outputs, Exclusive-OR, fixed-OR-arrays, and simple fixed-OR-arrays. 


This volume offers design and specification data for Field-Programmable Logic, as well as application data. 
Complete technical data for any Tl semiconductor product is available from your nearest TI field sales office, 
Information Services, Texas Instruments Incorporated, P.O. Box 225012, MS 308, Dallas, Texas 75265. 


We sincerely hope you will find Tl’s Field-Programmable Logic Data Book a meaningful addition to your 
technical library. 
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SPECIFICATIONS 


TYPES SN54PL16L8, SN54PL16R4, SN54PL16R6, SN54PL16R8, 
SN74PL16L8, SN74PL16R4, SN74PL16R6, SN74PL16R8 
FIXED-OR ARRAYS 


D2705, DECEMBER 1982—REVISED SEPTEMBER 1983 


Standard 20-Pin, 300-mil Packages @ Plug-in Compatible with Part Numbers: 
PAL16L8, PAL16R4, PAL16R6, PAL16R8 


Choice of operating Speeds 
—1 Parts .. . 35 MHz Max, Standard power 
—2 Parts... 25 MHz Max, Half power 


3-STATE REGISTERED 
DEVICE | INPUTS 0 OUTPUTS Q OUTPUTS 1/0 PORTS 


"PL16L8 10 2 (e) 
‘PL16R4 4 (3-state) 
‘PL16R6 6 (3-state) 


"PL16R8 8 (3-state) 


description 


These fixed-OR arrays provide 3-state outputs for bus-oriented systems. They combine Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses for reliable, high-performance substitutes for conventional TTL logic. 
Standard arrays and programmability allow quick design of ‘‘custom’’ functions and more compact boards. The — 1 
and —2 parts offer a choice of operating frequency, switching times, and power dissipation. 


The SN54PL16’ is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74PL16' is characterized for operation from O°C to 70°C. 
pin assignments in operating mode (voltages at pins 1 and 11 less than VijHH) 


SN54PL’... J PACKAGE 
SN74PL’ ....N PACKAGE 
(TOP VIEWS) 


‘PL16L8 “PL16R4 ‘PL16R6 ‘PL16R8 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc 


Vcc 


OE inputs: Reg = 5 kQ NOM 
Other inputs: Reg = 10 kQ NOM 


IE CR AT OA OS ON Na ATT ET 
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This document contains information on a new product. 
Specifications are subject to change without notice. 
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‘SN54PL16L8, SN54PLIGR4, SN54PL1GR6, SN54PLT6R8, 
SNT4PLI6L , SN74PL16R4, SN74PL1 6R6, SN74PL16R8 
FIXED-OR ARRAYS 


functionat block diagrams (positive logic) 


‘PL16L8. : “PLIGR4 


‘PL16R6 ~ ‘PL16R8 


6 © 08 08 8 6 


Oo o 


~ denotes fused inputs 
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TYPES SI 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted). .--- 


Supply voltage, Vcc (see Note 1) eee iG Sieidin nares DAG We SOM OSES SOs a DEE SE REO E Seen eee eeneer ees seed TM 
Input.voltage (see Note 1)..... ee eewees oe tree eee ere eee Al tel ok aa ates plac get Pctaty Game ghia a3 55V 
Voltage applied to a disabled output (see Noi th. eeetoes ee ree reer ee Te eee eiticoe haere shia s OV 

_ Operating free-air temperature range: SN54PL’.................., ickiemuck euiekeocat oo earns -§5.°C to 125°C 
SN74PL’..........005. Si Sedee enue elaine Oe utes bee Giada eaeus O°C to 70°C 

Storage temperature range 0.2.0... cece cece cece eee teen ent eeebeeenenees Pe eee -65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions - - 


PARAMETER 


Supply voltage — 


: High-level anew voltage - 


Operating ra -air temperature 


ion = MAX 


Vo =2.7V> 


Wee = MAX, BBV 
Vcc = MAX, =2.7V 


-Vec = MAX, 
“1 Vp = 0.4 V 


igh «deg = MAX Vg = 226 [=30 128 


Vec = MAX, egie “T 
-1P 140188 | 
ooou, arts | 0 185 


OE at 4.5 V, 

ra ~2 Parts 75 95 
Sumuts open 

tFor conditions shown as MIN or MAX, use the apiieniaws: value specified edee recommended operating conditions. 


tall typical values are at Voc = 6 V, Ta = 25°C. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
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ee 
felock . Clock frequency 
: _ Pulse duration, clock high or low 
__ Setup time, input or feedback before CLK! 
“Hold time, input or feedback after CLK! 


switching characteristics over recommended supply voltage and operating free-air temperature ranges 
(unless otherwise noted) 


-1 bees -2 PARTS 
MAX UNIT | 


| MIN TYP! MAX | MINS TYPT 


t All typical values are at ae 5 7. Ta = 25°C. 


programming parameters, Ta = 25°C 


Verify-level supply voltage — 2 . 
High-level input voltage a re nee i 
Low-level input voltage a cake 
Program-pulse input voltage os De cyalaes Gs. & eee 2 


Rina Bee = e PGM ENABLE, uR 
Program-pulse input current: 


Program-pulse duration at PO pins 
Pulse duration at PGM. VERIFY 
nrogran pulse duty cycle at PO pins 


Belay time from Vcc to 5 V to PGM VERIFY | 
Delay. time from PGM VERIFY { to valid output | 
. Input voltage at pins 1 and-11-to open verify-protect aa fuse 
Input current to open. verify-protect (security) fuse 
Pulse duration to open verify-protect (security) fuse 
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pin sstignments i in procrenrming scchaie (PGM ENABLE, iti 1 or pin 11, at eVIHH) 


‘PRODUCT TERMS 0 THRU 31 gies ee PRODUCT TERMS 32 THRU 63 
(TOP VIEW) (TOP VIEW) 
PGM ENABLE[] 1 J20[] Vcc 


NUMBER | PI7 PIG PI6 PI4 PI3 PI2 Pil PIO L/R NUMBER POO PO1 PO2 PO3 PA2 PA1 PAO 


™N 
N 
rTrrrxrra:s 
2 tYrrt t= 


= 
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Q2onan 
NNNNNNNNNNN NN NN 


Nh NR AO 
xrtqoxrczt 
rrtrz 
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z. 
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programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the appropriate (one 
of 32) input line and then pulsing the correct (one of 64) product line. The levels for eectng input lines and product 
lines are shown in Tables'1 and 2. : 


Step 1 Raise PGM ENABLE to VIHH. 

Step 2 Select an input tine by applying appropriate levels to L/R and PI pins. 

Step 3 Begin selection of the output line with appropriate conditions on PA’ ‘pins. 

Step 4 Raise Vcc to VIHH: 

Step 5 Blow the fuse by pulsing the appropriate PO pin to VIHH. as shown in: Table 2 for the product line. 


Step 6 Return Vcc to 5 volts and pulse PGM Verify. The PO pin sclected in Step 4 will be less than Vo, if 
the fuse is open. 


Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully programmed 
(blown), but no more than four times. Verification is possible only with the verify-protect fuse intact. 


To prevent further verification, two last fuses may be blown by raising pin 1 and pin 11 to 21 volts +1 volt. Vcc 
is required to be at O during this operation. 


programming waveforms 


PGMENABLE = /! 
Jee oe | | 
a | i Vit 
a steietententeden IHH 
SELECTED | r 
PILL/R, PA | Vv 
PINS (see oe 
Tables 1 and 2) yy - Vit 
| t.ho se Se SS ee ViHH 
Vec | 
fi 5V 
Se eee oe ee et dae eee ae ERE 
SELECTED 
_ PO PINS (see 
Table 2) - 
PGM VERIFY 


® Ahigh level during the verify interval indicates that programming has not been successful. 
@ A low level during the verify interval indicates that programming has been successful. 
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PRODUCT 


LOGIC DIAGRAM 


~ INPUT LINES 
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(19) 0 


(18) 16 


17) 0 


(16) V9 


(15) 


1/0 


04) 0 


(13) 19 


(12) 9 


(11). 
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TYPES SN54PL16R4, SN7 
FIXED-OR ARRAYS 


LOGIC DIAGRAM 


INPUT LINES 
PRODUCT 
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FIELD- 8, SNS4PL20R4, SNS4PL20R6, SNS4PLZ6R8 
PROGRAMMABLE SN74PL20L8, SN74PLZ0R4, SN74PL20R6, SN74PL20R8 
LOGIC FIXED-OR ARRAYS . 


D2706, DECEMBER 1982—REVISED SEPTEMBER 1983 


@ Standard 24-Pin, 300-mil Packages @ Choice of rere Speeds _—__. 
, ‘ —1 Parts... 30 MHz Max, Standard power 
° ahd aide Have Erelond —2 Parts... 20 MHz Max, Half power 


© Output Registers Automatically Clear 
During Power-Up 


4 ies buffers) 
_ 6 (3-state buffers) 
8 (3-state buffers) 


description 


These fixed-OR arrays provide 3-state outputs for bus-oriented systems. The ‘PL2OL8, ‘PL2OR4, and ‘PL2OR6 have 
output registers that can be loaded from the I/O pins by a preload procedure. All the outputs are automatically set 
to a'tow level when power is applied. The —1 and —2 parts offer a choice of operating frequency, switcning times, 
and power dissipation. 


The SN54PL20’ is characterized for operation over the full military temperature range of -—55°C to 125°C. The 
SN74PL20’ is characterized for operation from O°C to 70°C. 


pin assignments in operating mode (voltages at pins 1 and 13 less than ViH#H) 


SN5&4’' ... JT PACKAGE 
SN74‘ ... NT PACKAGE 


(TOP VIEW) 
i outctk []1 Ua4F Vec OuTCLK [}1 ) OUTCLK Vec 
t 1 | ; 
1 | 
i t /O | Q 
i I Ae) i Q 
l | Q 1 a 
i TL 6 Q 1 Q 
| | Q | Q 
ot ! Q I Q 
! | 1/0 | Q 
ty | 1/0 ‘, 1 | {10 Q 
oe L 14/] 1* : mee \* 
%* Pin 14 is also used for the preload proceduree on page 16. 
schematics of inputs and outputs 
TYPICAL OF ALL OUTPUTS 
Vec 
PIN 13: Reg = 5 kN 
ALL OTHERS: REQ = 10 kN 
ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
This document contains information on a new product. gprs 
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 SN54PL20R4, SN54PL20R6, SN54PL20R8 


SNTAPL2OLB, SU7APLZORA, SN74PL20R6, SN74PL20R8 
Fr XED-OR ARRAYS 


functional block diagrams (positive logic) 


‘PL2OL8 | | | ‘PL2OR4 


‘PL2OR6 oe ae ‘PL2ORE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 0.0... ccc ccc cee cece cece eee eeseeeeeneeteeeueeseneeeneenens Pos feos: 7V 
Input voltage (see Note 1)... 0... cece ccc c cet e cece e eect rete eee cease eeneetee wedi tga a wal ahi ba a beaaue tn arae 5.5V 
Voltage applied to a disabled output (see Note 1)....... 0c. cece cc ccc cece nce c cence et teeceeecenctnseneerees 5.5V 
Operating free-air temperature range: SNS4PL’....o. cccece cc ete eee e ee eeeseeees —55°C to 125°C 

SN IGP ls ies cia enseareasee: Lek Gkun Gee eGuadweeaa eee 0°C to 70°C 
StOlrage LEMPSIarture ANGE + e560s ob ody oid head oe oe awa edand eel oad FaGes dae eee sees s eaaees —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle. 


14 
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, SN54PL20R6, SNS4PL20R8, 


‘SN74PL20L8, SN74PL20RA, SN74PL20R6, SN74PL20RE 
-FIXED-OR ARRAYS 


recommended operating conditions 


__—« SNGB4PLIOR _ SN74PL19R UNIT 


Supply voltage en TE 626 | v_| 
ere Soe eae 1 A a 
Va. Low loval eat volinge ee OR 


loH. High-level output current _ eS ee 


lo Low-level output current 
TA Operating free-air einpereture 


. SN54PL20° arene 
; a 
PARAMETER TEST avian Typ? MAX | MIN 


oar | 


| 
‘ozH 


\/ Opens 1 | VOpors | 


Ste All others Meee le 
ca All others Vec=MAX, Vis 


ee On Oe | 
Do re a ea et 
Vec= MAX, Vj=0 
Outputs open, OE at ce 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended Saacatiie conditions. 
#All typical vatues are Voc = 5 V, Ta = 25°C. 
The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, los. 


‘PL2OR4, ‘PL2ORG, 'PL2ORE timing requirements 


fclock __ Clock frequency 


tw Pulse duration, clock high or low 
tsu Setup time, input or feedback before OUTCLK! 
th Hold time, input or feedback before OUTCLKt 


switching characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
rae 


PARAMET ER TEST CONDITIONS 
MIN Tver MAX | MIN TYP? MAX 


ae eee 
tes fourerkt To 

wiser 
ee 


TAIL typical values are at Vcc = § V, Ta = 25°C. 
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16 


S: SNS54PL20L8, SN5S4PL20R4; SN5S4PL20R6, SNS4PL20R8, 
ret n8, SN7APLZOR4, SN74PL20R6, SN74PL20R8 


PRELOAD PROCEDURES 


OUTPUTS DISABLED | 


‘VERIFY NEW | 
STATE 0'n “VERIFY O'n+1 


OOK, 


PIN 1 ViH | i 


pet ie ea a a ee ee ree (2 Lae Te ee 


FIGURE 1—PRELOAD WAVEFORMS 


preload procedure for registered outputs 


Step 1. Pin 13 to Vin. Pin 1 to Vi. and Vcc to5 volts. 

Step 2 Pin 14 to Vinjp for 10 to 50 microseconds. 

Step 3 Apply an open circuit for a low and ViIHH for a high at the O outputs. — 
Step 4 Pin 14 to Vit. 

Step 5 Remove the voitages applied to the outputs. 

Step 6 - Pin 13 to Vi... 

Step7. . Check the output states to verify preload. 
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pin Sskignaveiite in programming inde ( PGM ENABLE @ at :VIHH) 


- PRODUCT TERMS 0 THRU 31 
er VIEW) 


*Pin 14 has no programming function. Make no connection. 


TABLE 1—INPUT LINE SELECT 


~ PRODUCT 
LINE. 


NUMBER - | 


. 2 


* . 


© OO Wo or 


. 


OONAMAWH 
WWW Ww 


22 
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POOPO1P02P03PA2 PA1 PAO 


NNNNNNNNNANNNANNANN | 


Zz 
z 
Zz 
v4 
r4 
z 
2... 
Zz 
Zz 
e: 
z 
Zz 
z 
z 
Zz. 
Z 


PRODUCT TERMS 32 THRU 63 
(TOP VIEW) 


1 3 & PGM ENABLE 


_TABLE 2—PRODUCT LINE SELECT 
PIN NAME 


NANNNNANNNANNNNNNANNANANAN ANA AG: 


18 


TYPES. SN54PL20L8, SNS4PL20R4, ‘SNS54PL20R6, ‘SN54PL20R8 
SN74PL20L8, SN74PL20R4, SN74PL20R6, SN74PL20R8 
FIXED: ‘OR ‘ARRAYS 


programming Parameters, Ta = 25 °¢ 


Verify-level supply voltage 
High-level input voltage pz se 
Low-level input voltage 


er _ High-level output voltage 
ViIHH Program-pulse input voltage 


oh 


0.25 10.5 10.75 


Oe ee On 

——= 
| ns | 
ps 
[ns 
ns 
[ma 
Jims | 


Uh ~PIOe One eee MPA oe oe ee 


Meer 400 
iwi Program-pulse duration at POpmne—SSSSSSSSCSSSSCSCSSSSCSCSCSCSCSCidC TO SSC*O 
[ewe Pulse duration at PGM VERIFY —~SC~“~*S*S*S*S~“~*~*S*“‘“‘“*S*S*S*S*S*S*S~“~*~*~*~*rCSOSCSC“C#S™SC™S 
tu Sep time CO PO 
Sa ea RE! ELC 

3 [ioo" 
# mea 


- Delay. time from Vec to 5 V to PGM VERIFY | 
tq2 Delay time from PGM VERIFY t to valid-output . 

Input voltage at pins 1 and 13 to open verify-protect hati fuse) 
Input current to open verify-protect (security) fuse | | 
Pulse duration to open verify-protect (security) fuse . . | oe 


PEOCreM MINS PROCEDURES 


iS 


ol 


PGM ENABLE 


SELECTED 
PI, L/7R, PA PINS 
(SEE TABLES 
1 AND 2) 
vec 
| 
SELECTED \ : o) | 
—_POPINS = TK VAYYY = 
(SEE TABLE 2) XX x ! XX XY Vou 
| | are | 


| | . i : Vin. | 
PGM VERIFY | | ; 
' — _ Vit... 
FIGURE 2—ARRAY PROGRAMMING WAVEFORMS | 
Ma high level during the verify interval indicates that programming has not been successful. — 


@ A low level during the verify interval indicates that programming has been successful. 
programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the appropriate (one 
of 40) input line and then pulsing the correct (one of 64) product line. The levels for seeks input lines and product 


lines are anew in Tables 1 and 2. : 
ia 


Step 1 Raise PGM ENABLE to ViHH. 7 

Step 2 Select an input line by applying appropriate levels to L/R and Pl pins. — 

Step 3 Begin selection of the output line with appropriate conditions on PA pins. 

Step 4 Raise Vcc to ViHH. 

Step 5 Blow the fuse by pulsing the appropriate PO pin to Vien as shown in Table 2 tor the 5 aUes line. 


Step 6 Lower Vcc to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 4 will be less than Vo. 
if the fuse is open. | i 


Steps 1 thru 6 may be repeated if the verification does not indicate that the fuss was sucbessfully progremmed (blown), 
_butr no more than 4 times. Verification is Possible only with the verify-protect: fuse- intact. 
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“TYPES: SNS4PL2UL8, ‘SN74PL201 


INPUTLINES = 


0 
PRODUCT : i 
LINES sis 
= i 


TTT CTC eC COLL ttt tit Loi (22) 


mee PTT OTT” LLL LL ig eT a a ee 
a OA NS A A A OS A A kk SS Oe WS a 2 We 2 (18) 
4 me ae I/ 


pasa os TTT —~—TT os coe _ 
gga 0 A A i 0 ee ee ces a, : (17) 5 


_ we: cI —Soomess 
———K—*_*=£z;_;*—aRLhT, TTT oor  Pemcun nm oe 5 creeemever 4 
x ae s = yoo —IN 


{tay 
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(21), 
(20) ' 


19 
A yy 


- (16) 
1/0 


PEE EE oo ei (15) O 


FIXED-OR ARRAYS 


Oo 


/O 


Oo 


Oo 


0 


| “INPUTLINES.. 
0 4 6 12 16 20.24 28 ..32 36 


PRODUCT 
LINES | 


I—)> oh end ended 4] 
: 2G 2 Ome 


e 
(10) 63 


1 
i! US pt tt tt 1/PRELOAD 
(13) OE 


q 
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TYPES SNS54PL20R6, SN74PLZ0R6 
3 FIXED-OR ARRAYS 


My 


OUTCLK 


| o 4 8 12 16 20 24 28 32 36 3 Ze 
) 2y-— TTTTT TILL TLE LLL LLLLeELLCC LIL L e . me vo 
moor TITMOMOITIT 
LINES Ot TTT EET T—ETEE—E—=*—FEq»—E£E—E—>—=E=zX_ ExT o—TaX—w—TrTrTT oo 43 
@ Scieecesmmeunen ses museeanedcamceeemasemeecees ses =x 5s Aagal 
e a a 
- asamaceene 


al 1/0 


1/PRELOAD 
(13) 
Ch 


OE 


21 
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TYPES SNS4PL2OR8, SN74PL 


FIXED-OR ARRAYS 


iNPUTLINES~SSSSOSOSSSdSC 


(23) 


ooo rT otitt titistiit f i of (22) 


: TTT T_T rj 4 | ; 
OTT TT TTL LEMON OTT TT rT rrr or <3 ci 
TTT OTT TL LL OL LULLELLLL LLL Lt snes seseee ae 


“LINES re) 3 , 
oo == 
++ oF me Se EY Oe SO pnd 
a eo 
~ 
~ 


VV 
| 
mm 
& 
h 
ai 
ee 
\ o. 
Ls 
co 
s 
a 
R 
a 
es 
a 
& 
ann 
sane 
¥ 
x 
= 
: 
a 
s 
a 
f 
C] 
Ss 
# 
d 
r] 
8 
a 
a 
| 
a 
| 
( 


-1/PRELOAD 


(13) 
Pp OE 
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FIELD- : SW54PL84D, SN74PL839, -SN74PLB40 
PROGRAMMABLE -FIELD-P OGRAMMABLE ‘LOGIC: ARRAYS 


ee ee oe 7708, tineead 1982—REVISED SEPTEMBER 1983 
Input-to-Output Scnsgetion Delay . 


i Ns 
10 ns Typ cal = f() = PO + P1... P31 for polarity link intact 
@ 24-Pin, 300-mil Slim Line Packages f(l) = PO* Pi* ... *P37 for polarity link open. 


@ Power Dissipatio n. . 650 mW Typical ~ where PO through P31 are product terms 


@ Programmable Output Polarity. 


description 
The ‘PL839 (3-state outputs and the ‘PLB40 open coMestol outputs) are TTL field-programmable logic arrays containing 
32 product terms (AND terms) and six ‘gum terms (OR terms). Each of the six sum-of-products output functions can 
be programmed either high or low true: The true condition of each output function is activated by the programmed 


logical minterms of 14 input variables. The outputs are controlled by two chip-enable pins to allow output inhibit and 
expansion of terms: 


These devices provide high-speed dete-path logic replacement where several xcaslonel SSI functions can be designed 
into a single package. StS 


The SN54PL839’and SN54PL840 are characterized for operation over the full ‘military temperature range of — -55 °C 
to 125°C. The NS74PL839 and d SN74PL840 are characterized for operation from o°c to 70°C. 


pin assignments in operating mode (rn 1 is less than ViH#H) 


SNS4PL’ .. . JT PACKAGE 
SN74PL’ . . . NT PACKAGE 
(TOP VIEW) 


‘schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT ‘PL840 


Vec das ae TYPICAL OF ALL OUTPUTS TYPICAL OF ALL OUTPUTS 


Vcc 
10 k2. NOM 


OUTPUT 


OUTPUT 


“ADVANCE INFORMATION 
This document contains information on a new product. 
Specifications are subject to change without notice. 


“Copyright © 1983 by Texas Instruments Incorporated 
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4) 32 ‘X 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 


hinetionat block wamaire letsaliive logic) 


O 
—O 
14. 
14 : 
I 
| 0 
0 
O 
~ denotes fused inputs. 
*‘PL839 has 3-state (v7) outputs; ‘PL840 has open-collector (Q) outputs. 
- . } 
absolute maximum ratings . . 
Supply Voltage, VCC ............ ake cia haewotie Aas ats eat lee ne Se Gls Sei AO ee Balen he Serre 7V 
Input Voltage ................0000. Miyata hig iat SSes ak set ics-tap sk ee deen eects GE shone ta ra oo anita gt Sear a ele 5.5 V 
Off-State Output Voltage ©... 6. ee ee tent e eee e eee 5.5 V 
Operating Free-air Temperature Range SN54PL839, SNS4PL840 ..................... ~ 55°C to 125°C 
SN74PL839, SN74PL840. eee 0°C to 70°C 


Storage Temperature ...............0..2005. Pe aah ses ay tt saci Bed Seni a epee ee a es IE A -65°C to 150°C 
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recommended operating conditions 


[MIN NOM MAX | MIN NOM MAX]. 
Supply voltage, Voc [455 65 |475 5 5.25| V_| 

Hightevel input voltage, Vi | ee ae ee 
Cowinvel input vohoge, Vi, 


High-level output current, ion eee ES 2) DS LR 
Low-level output current, lo. P| mA 
Operating free-air temperature, Ta ae ; a7 eae eS 


electrical characteristics over recommended operating ee er temperature range (unless otherwise noted) 


PARAMETER MIN. TYP: MAX|\ 
ee ee 
BEG al a FS i AED 
P Vor _| Voc = MIN, cL =a rom OSL (Oa? Ol V i 
Ph S«dS ce = MAX, =55V a ee 
Cael aa NE a ESE ee oe ee) 
Voc = MAX, w= 0.4 ee ON eee 
| tg Vcc = MAX, Vo = - 30 ~112 | -30-— 


TEor conditions shown as MIN or MAX, use the appropriate value spcified under recommended operating conditions. 
t Ali typical values are at Voc = 5V.Ta = 25°C. 
Sthe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, los. 


switching characteristics over recommended eile free-air temperature range (unless otherwise noted) 


= 500 to GND, 
Output 20 
= 50 pF to GND eo 


ft = 600 to 7 V, 
Ri2 = 500 to GND, 
Ci = 50 pF to GND 


tAll typical values are at Voc = 5 V, Ta = 25°C. 
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ra 


14.X 32 X 


pin assignment in programming mode (pin 1 = VijHH) top views 


OUTPUT POLARITY AND MATRIX OR MATRIX 
(PGM ENABLE = Vit) (Voc. PAS = Vin) 


PGM ENABLE []1 U24l] Vect — PGM ENABLE _ PGM ENABLE 
Pi1 (2 23.) Plo PH | PAI, 
pi2(J3 2a] P13 7 —-PI2 PAZ 
piIsQj4 =. aiff ein2 PI3 PAS 
Pi4 (Js 20] Pitt PI4 PA4 
Pis (Je ~— 191] PI10 PI5 PAS 
Pié [j7 ~— 18,J Pig PI6 PIG” 
Pi7 (is 17) PIs PI7 PI7 
POS L 16} POO PO (. PO5 
Po4 [}io = 15[] Pot PA4 [}i0 PO4 
PO3 [fit 14} PO2 PA3 -[]11 PO3 
GND []12-_ 13[] OE2 GND []12 GND 
tVec = Vcec2 for program and Vcc} for verify 
‘programming parameters, Ta = 25°C 
| PROGRAMMING 


MODE 


AND, OR 
Polarity ait ta 
: [PO pins [Polen 
WHH Program-level input current . AND, OR 
| | POO thru POS | Polarity 
_AND, OR 
Ix Prograrmievel input curent = [62 Pater 
Programming supply voltage wed ECO nt (EON 
r ee CT Ses GA ee 
Vi, ——Tow-evet input verage any 
V 
Any Any 


IH e 

IL i 

OH High-level output voltage 
L 


__ | Any 
Any 
O 
Polari 
tw Program pulse duration POO thru POS re 
Program pulse duty cycle POO thru POS Polarity 
U 
: i seid PGM AND, OR_. 

Any 

' 


tg ___Balay tne any | Aa 
Any 


Any 
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TYPES. 


PROGRAMMING PROCEDURE 


OUTPUT POLARITY 
Program 


Load all output pins with a 10-kQ resistor to 5 V and set pin 12 (GND) to 0 V. Program the output polarity before 
programming either the AND matrix or the OR matrix. An unprogrammed device has all six outputs noninverting. When 
the polarity link of an output is opened, the output function pesoines mavernna: on one output at a time as follows: 


Step 1: Set PGM ENABLE (pin 1) to VILL 
Step 2: Set Vcc (pin 24) to Vcc2; set OE2 (pin 13) to ViH_ and PIO through PI13 to Vix. 
Step 3: Ramp the appropriate output to VIHH and remove after tw. 
Step 4: Repeat step 3 for each output to be programmed low. 


Verify | 
Step 1: Set PGM ENABLE (pin 1) to VILL: set Vcc (pin 24) to Vccg2; set PIO through PI13 to Vjx. 
_ Step 2: Wait tg and raise Vcc (pin 24) to Vcct. 
Step 3. _ Enable the device by applying VIL to OE2 (pin 13). ; 
Step 4: Sense the logic. state of ail six outputs. An output at VoH has been programmed t to be inverting, while an 


output at Vo; has remained noninverting. 
Step 5: Remove Vcc1. 


. . -- VIx 
_ ALL PI/PINS - 
Ram SS 
Vcc ee te. --Vcc2 
t 
0E2- i ~~ VIH 
t 


je—tw—rle—sftqg | > le an= = 
| . F ‘ Pe Tels ! Be —_0 —VOH IHH 


Par oe es 
sPpeetan ste 


weary 


POO THRU PO5 
td \e—ple PROGRAMA! fe —VERIFY—a 


oO A high level during the verify interval indicates that programming has been successful. 
@) A low level during the verify interval indicates that programming has not been successful.. 


FIGURE 1 — OUTPUT POLARITY PROGRAMMING WAVEFORMS 


AND MATRIX - 


Program 


Program the output polarity before programming either the AND. matrix or the OR matrix. Load all output pins with 

a 10-kQ resistor to 5 V and set pin 12 (GND) to VIL- Program each input separately for each product term,.one fuse 

at a time. Unused terms do not require fusing, however, all input variables of a selected product term must be 

programmed either true, comptement, or don’t care (both tinks are blown), as follows: 

Step 1: Set PGM ENABLE (pin 1) to Vi_L; set Vcc (pin 24) to Vcc3- 

Step 2: “Disable afl outputs by: applying ViH to PGM (pin 13). 

Step 3: Disable all inputs by applying Vix to the | inputs. 

Step 4: Address the product term to be programmed (0 shook 31) by apoivind its binary code (Vj for a high and 
Vit for a low) to outputs PAO through PA4 with PAO as the least significant bit. 
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} MMABLE LOGIC ARRAYS 


PROGRAMMING PROCEDURE 


Step 5: Lower the voltage on the first input to Vi} for a true, or to Vi_ for the complement. 
Step 6: After tg, raise PGM ENABLE to Vip. 
Step 7: After additional tg, pulse the PGM input to Vx for tw. 
_, Step 8: After additional tg delay, lower PGM ENABLE to VitL. 
Step 9: Disable programmed input by raising it back to Vix. 
Step 10: Repeat steps 5 through 9 for each input. 
Step 11: Repeat steps 4 through 10 for each product term. 


Step 1: Set PGM ENABLE (pin 1) to Vi_L; set Vcc (pin 24) to Vcc3.- 

Step 2: Enable PO output by setting PGM to V}x. 

Step 3: Disable all inputs by applying Vix to the | inputs. 

Step 4: Address the product term to be verified (O through 31) by applying its binary code on outputs PAO ehieuah 
~~ PA4, 

Step 5: Lower the input voltage on the first input to Vj} and check the logic level of output PO, then lower the 

same input to Vi_ and again check the level of PO. The input variable state contained in the product term 

is determined from the following table. Two tests are required to verify the programmed state of each variable. 


WACTIVE = = oJ : oN 


Step 6: Disable verified input by raising it back to Vix. | 
Step 7: Repeat steps 5 and 6 for all other inputs. 
Step 8: Repeat steps 4 through 7 for all other ‘product terms. 


~ PGM ENABLE 


Sos stesyg * 


Rt i a 
, Mi ; Sea ScSs= Vil 
Q 
ALLPAPINS ZA ~~ VIH 
: 1 -- VIL 
‘ é —== VoH 
ALL PO PINS H Go ee 
3 =" VOL 
¢—— PROGRAM—__o}e VERIFY 


FIGURE 2— AND MATRIX PROGRAMMING WAVEFORMS 
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S SHS4PLE39, SNGAPL840;SN74PLB39, SN74PL840 
14X32 X8 FIELO-PROGRAMMABLE LOGIC ARRAYS 


PROGRAMMING PROCEDURE 


OR MATRIX 
Program 


Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with 
a 10-kO resistor to 5 V and set pin 12 (GND) to O V. If the product term is contained in the output function, no fusing 
is required. Unwanted terms are deleted by programming one at a time, as follows: 


Step 1: Set PGM ENABLE (pin 1) to Vi_L. Disable the outputs by setting Pam (pin 13) to VIH- Set Vcc to Vcc3. 
Set PI6 through PI13 and PAO through PAS to V)x. | 
Step 2: Wait tg and raise Vcc (pin 24) to the program level, VCc1.. 
Step 3: Use the inputs PAO through PAS to address the product term (0 through 31 that is to ba removed by applying 
| the corresponding binary code with input PAO as the least significant.b bit, . 
“Step 4: Raise the output pin to Vix. 
_ Step 5: Wait tg, then raise PGM ENABLE to ViHH. 
Step 6: Wait tg, then pulse PGM to V|x for a period of tp. 
Step 7: Wait tg, then lower PGM ENABLE to Vi_L. 
_ Step 8: Wait tg, then remove V;x-.from output pin. 
. Step 9: Repeat steps 4.through 8 for all other output functions. 
Step 10: Repeat steps 3 through 9 for all other product terms. 
Step 11: Lower Vcc to VCC3. 


Verify 
Step 1: Set PGM ENABLE (pin 1) to Vi__. Disable the outputs by setting PGM (pin 13) t to Vi. Set Vcc to Vcc3. 
Set PI6 through P113 and PAO through PA5 to Vix. 
Step 2: Wait tq and set Vcc (pin. 24) to the verify level, VcC1. 
Step 3: Address the product term to be verified (O through 31 ) ‘by applying its binary: code to inputs PAO through PAS. 
Step 4: Wait tg, and set PGM (pin 13) to Viz. | 
~ Step 5: Monitor the state of ail six ee {POO through POS) and determine the status of the on matrix from the 
: following table: 


OUTPUT OR 


| ACTIVE soe “FUSE LINK 
— : 

| a. PRESENT 

ALL PIPINS — | : | ~~ VIX 


om ee me ee wm oe oe ot oe on oe ow oe VIHH ; 


PGM ENABLE — 


i 
i 
1 
i i 
i f —= VILL 
PGM ; a ae oe Vix 
i ~~ ViH 
| S7Se == VIE 
§ t 
Vix — a 
: ’ a i --y 
ALL PA PINS — ee Re. __ va 
td __ifevlta | = 
/, |e ie nea Vix 
-- VOH 


POO THRU PO5 


Wl ay 
}+——pROGRAM ——>| ar VERIFY Ot 


FIGURE 3— OR MATRIX PROGRAMMING WAVEFORMS | 
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TYPES SN54PL839, SN54PL840, SN74PL839,:SN74PL840_— 
14 x 32 x6 FIELD-PROGRAMMABLE Loic ARRAYS 


LOGIC DIAGRAM 


pom enaste {1 


2 woasicn) Cate | 


INPUT LINES 0 4 ‘ 20 ee 24 28 31 INPUT LINES 


a > SE  CRRNE i Sl ME aS eee mo OR a RG Be 


is 
TH tHe tet te tt 4 (23) 


2p CET 
AEM AERO ODDO ANG SCION U GAG OA RIO LEKOD ES 

wey an a 
ot 


PC eet =r = Pg n, 
5) Sr 


3 
eee teal ieee {41201 


TOE Ps 

eo AA EAR es aS SEE eG S erry 
mo 54 Tro | 
t CO a Po we, 


On, TOT 


> Mew 8h eed .. 4 
oe 5000 ae a7), 


13 
iii di Hig ae tr LE ELE 


o 
-~ 
tN 
= 
oa 


i (6) ‘> 


02 Gi CI 


9 10) HT 
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FIELD- _ TYPES SNS54PLR19L8, SNS4PLR19R4, SN54PLR1SRG, SNS4PLRISRS 
PROGRAMMABLE SN74PLRISL8, SN74PLR1SR4, SN74PLAISRG, SN74PLA1 SRS 
LOGIC -REGISTERED-INPUT FIXED-OR ARRAYS 


D2709, DECEMBER 1982—REVISED SEPTEMBER 1983 


@ Standard 24-Pin, 300-mil Packages @ Choice of ee Speeds. ere 
—1 Parts... 30 MHz Max, Standard power 


© Output Registers Have Preload —2 Parts ... 20 MHz Max, Half power | 


Capability 


e Output Registers Automatically Clear 
During Power-Up 


3-STATE REGISTERED 
i/ 
| pevice D INPUTS LINPUTS S OuHUTS . ourPuts 1/0 PORTS | 


‘PLRI9L8 
“PLRISR4 TE 4(3- state oe 
‘PLRISR6 a -} . 6(3-state buffers) 
"PLRISR4 © 4 8 (3-state buffers) 


description... 
‘These fixed-OR arrays with eleven data inputs feature input registers, that can be used as they are or be arogranimed 
into buffers. Some outputs of the ‘PL19R8, ‘PL19R6, and ‘PL1 9R4 have registers that can be loaded from the I/O 
pins by a preload procedure, while others are 1/O ports and standard 3-state outputs. All the outputs are automatically 
set to a low level. when power is applied. The —1 and —2 parts offer a choice of operating frequency, switching 
times,-and power dissipation. - 


The SN54PLR19' is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74PLR19’ is characterized for operation from O°C to 70°C. 


pin assignments in operating mode (voltages at pins 1 and 13 less than VIHH) 


SN54' ... JT PACKAGE 
SN74’ ... NT PACKAGE 


a 7 (TOP VIEW) 7 
--PLRISLS ay ‘PLRISR4 ‘PLAIORG = ‘PLR1I9RS 
} Scat J 240] Vec ~ OUTCLK 
votj2 as3f}vo /D. 
~/DE}3 22| }1/70 VD 
votj4 ~ aifjvo- I/D 
vo[}5 20[ Ja /D - 
vote i9[Ja VD 
1/o[ ]7 18, JQ I/D 
votjs 17[]a /D 
i/D[ 19 16, | 1/0 I/D° 
Vvot}10 15[]Vvo VD 
VOC111 14] inctk*® - VD ‘i 
GND[ 112 13/]0E GND 


* Pin 14 is also used for the preload procedure on page 34. 
schematics of inputs and outputs. 


EQUIVALENT OF ALL 
OTHER INPUTS 


PIN 13: Reg = 5 kQ 
ALL OTHERS: REQ = 10 kN 


983 ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
This document contains information on a new product. s 
Specifications are subject to change without notice. TEXAS : 31 
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SN74PLR19L8, SN74PLA19R4, SN74PLR19R6, SN74PLR19R8 
REGISTERED-INPUT FIXED-OR ARRAYS 


functional block diagrams (positive logic) 


| “PLRISL8 . ‘PLRISR4 


| 


1. 
: 
JADADIDEDID 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 0.2... .. ccc ccc nee c ence c eee eeeeceeeeetecesseeesueees cmauihliee wate 7V 
Input voltage (see Note 1)............ cee cece cece eee Pits eaw nets Was wie waders anus oes eee Ne ee ee es 5.5V 
Voltage applied to a disabled output (see Note 1)........... ccc cece cece cece rece cece cceeeeees Maatenthescnnsine 5.5V 
Operating free-air temperature range: SN54PLR’ .... 0... cece cette ee eee ee ee eee en cece —55°C to 125°C 
| SNOPES odes oscar ia cata i aw Nieuws watendeoneorpeei eee O°C to 70°C 
Storage temperature range ........ 0... cece ccc cece e ee eeeeeeeeneees bt larna rane Mike beta BSE E —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a.preload cycle. 
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TYPES SNS4PLAISL8, SNS4PLRISR4, SN5S4PLAISRG, SN54PLRISRB, 
SN74PLRISL8, SN74PLRISR4, SN74PLRISRS, SN74PLAT9RS 
REGISTERED-INPUT FIXED-OR ARRAYS 


recommended operating conditions 


L SN54PLR19’ SN74PLR19° 


Voc Supply voltage : [ass 


[Vin High-level inputvohage—=—=S~=~“‘“~*S*~‘~srC“‘ RSSSSC*C*~é‘< TC 
[Vi__Low-level input woitage—SSSCSC~—~—S~S—tSSCSC“‘“‘“‘*SC*~étS*CS 
oH High-level outputcurrent—SSSC~—~—CSC‘SSCSCSC‘“‘“*S*~S~C*SSSSSCSCSC~S~CS Sm 
ion tow SNe | 
[85 SSCS 2 


Ta Operating free-air temperature 


0.35 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+All typical values are Voc = 5 V, Ta = 25°C. | | | 
§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit Current, los: . 


input timing requirements : 


felock Clock frequency 


Clock pulse duration, clock high or tow 
tsy Setup time, 1/D input before INCLK? 
th Hold time, |/D input before INCLKt 


‘PLR1I9R4, ‘PLR1IORG, ‘PLR19R8E timing requirements 


a 
MIN MAX UNIT | 
[teock Glock frequency SSCSC~—CSCSSCSdSCSCSiSO 
[tw Clock pulse duretion,clockhigh low —SOSCsC~—~S~“S~“SsS~SCSiSSSCS~wdSC 
[ tgu___Setup time, input or feedback before OUTCLK)——SSSCSC~—S~—~—CS*~S~‘iSNBSSSCS~S~w 
[th Hold time, input or feedback before OUTCUKT——SSSCS~—SCSCSSSSSSCCiSSSS 
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TYPES SNS4PLR1SL8, SN54PLR19R4, SN54PLR19RS, SN54PLAISRB, 
SN74PLRI9L8, SN74PLRISR4, SN74PLR19R6, SN74PLRI9RG 
REGISTERED-INPUT FIXED-OR ARRAYS 


VY 


switching characteristics over recommended operating free-air temperature range (unless otherwise 


noted) a 
0 INPUT TEST —=1 PARTS —2 PARTS ae 
: MODE | CONDITIONS | MIN TYPT MAX | MIN TvPT MAX | — 


eens (Recetas a] 

ee Cae Dea ae 

ey ey Ree Ree eee 

ee es eis eee 

ee ee ae ee oe ee 

es ee eas eee ee 

GUE 2 eee Ween | ites OLS 

a a ONG ee ied (9 
cae ee: eee ees 
| : eae | aaa ee eee ee 


PRELOAD PROCEDURES 
+5V ! 
Vcc 
OUTPUTS DISABLED 
VIH 
OE | 
VIL 
tdis—>| |e ef fe ton 
i ENABLE PRELOAD | 
VIHH -—--—-— __ — — — — 
| 100 ns! 
PIN 14 
| | 
ie | _ ies 
wm a 
vi 1 APPLY O’,7, | 
i. ‘eae ey 
| 100ns | V \/ \/ \/ \/ \/ | 
| MIN ol | VERIFY NEW os 
a VERIFY STATE Qn | AV AVAVAVAVAY A | "STATE Q'n VERIFY Q'n+ 1 
VOH AIK AAA AN! I LYXKXKKYD 
VoL . 2 AV AVAVAVAVAVAYS 4: 
PIN 1 VIH 


(OUTCLK) Vit 


FIGURE 1—PRELOAD WAVEFORMS 


preload procedure for registered outputs 


Step1. Pin 13 to Vip, Pin 1 to Vit, and Vcc to 5 volts. 


Step 2 Pin 14 to ViHH. ; 
Step 3 Apply an open circuit for a low and ViHH for a high at the Q outputs. 
Step 4 Pin 14 to Vi. 
Step 5 Remove the voltages applied to the outputs. 
Step 6 Pin 13 to Vit. 
Step 7 Check the output states to verify preload. 
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TYPES SN54PLRISL8, SN54 


PLRISR4, SNS4PLRISRG, SNS4PLRISR8, 


-SN74PLR1SL8, SN74PLA19R4, SN74PLRISRG, SN74PLR19R8 
“REGISTERED-INPUT FIXED-OR ARRAYS 


| pin assignments in programming mode (PGM ENABLE, pin tort 3, "at VIHH) © 


PRODUCT TERMS 0. THRU 31 ._ . PRODUCT TERMS 32 THRU 63 
(TOP VIEW) -rer . ae (TOP VIEW) 


GND [J12. 13], } PGM VERIFY 


*No programming function. Make no connection. 


TABLE 1—INPUT LINE SELECT 


PIN NAME — | 
PI9 PIS PI7 PIG PIS PI4 PI3-PI2 PI1 PIO L/R 


PRODUCT 
LINE 
NUMBER 


INPUT 
LINE. 
NUMBER. 


ODNANQ AWN —O 


Z 
Z 
Z 
Z 
Z 
Z 
Z 
Zz 
Zz 
Z 
Zz 
Z 
Zz 
Z 
Z 
Z 
Z 
Zz 
Z 
Z 
Z 
Z 
Z 
ra 


NNNNNANNNNN NNN NN NSN, 


L= Viz, H = Vix, HH = Vip, Z = high impedance (e.g., 10 kQ to 5V) : 


1282 
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TYPES SN5S4PLRI9L8, SNS4PLAISRA, SNS4PLRIGRE 
-SNTAPLAISL8, SN74PLR1SRA, SH74PLA1 SRG, SN74Pt 
‘REGISTERED-INPUT FIXED-OR ARRAYS 


programming parameters, TA. = 25°C 


a 
Vcc __ Verify-level supply voltage 4.6 65.0 5.5 
Vin High-level input voltage : Rote ee 
Vit : 


Low-level input voltage CCE Ce 
VoH_ = High-level output voltage ‘ 
Vin Program-pulse input voltage 10.25 10.5 10.75 


)PGMENABLE,UR | 
i rs seer cr 
eee ee 
td4 Delay time from Vcc to 5 V to PGM VERIFY ! 
Delay time from PGM VERIFY | to verification of output 
Delay time eee Se ceil, es 
Input voltage at pins 1 and 13 to open verify-protect (security) fuse 


HH Program-pulse input current 


POL, = Set oan eet eae ties Sein ee OO 
mA 
| ns. 
ps | 
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TYPES SNS 


SN74PLAISLS, SH74PLATORS, SNTAPLRYE 
REGISTERED-INPUT FIXED-OR ARRAYS 


PGM ENABLE 


' SELECTED 
PI, L/R, PA PINS 
(SEE TABLES 

1 AND 2) . 


SELECTED. Jan 
PO PINS. 
(SEE TABLE 2) xX) 
PGM VERIFY © 


©) A high level during the vent interval indicates that programming has not been successful. 
@ A low level during the verify interval indicates that programming ha been successful. 

FIGURE 2 — PROGRAMMING WAVEFORMS FOR ARRAY FUSES 
programming procedure for array fuses 


Array fuses are programmed using a finabe Kalect method. Each fuse can. Be opened by selecting the appropriate (one 
of 40) input line and then pulsing the correct (one of 64) product-line. The levels for selecting input lines and product. 
lines are shown in Tables 1 and 2. 


Step 1 Raise PGM ENABLE to ViHH. 

Step 2 Select an input line by applying appropriate levels to L/R and PI pins. 

Step 3 Begin selection of the output line with appropriate conditions on PA pins. 

Step 4 Pulse INCLK to Vjy. 

Step 5 Raise Vcc to ViHH- 

Step 6 Biow the fuse by pulsing the appropriate PO pin to VinH as Shown in Table 2 for the product line. 


Step 7 Return Vcc to 5 volts and pulse PGM Mens The PO pin selected in 1 SEP 4 will be less than VoL 
~ if the fuse is orer. 


Steps 1 thru 7 may be enaueed | if the verification does not indicate that the fuse was successfully programmed (blown), 
but no more than 4 times. Verification is possible only with the verify-protect fuse intact. 


To prevent further verification, two last fuses may be blown by raising pin 1 and pin 13 to 21 volts +1 volt. Vcc 
is required to be at O during this operation. 
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TYPES SNS4PLATSL8, SN54PLRISR4, SN54PLRIOR6, ‘SNS54PLR19R8, 
‘SN74PLRI SL8, SN74PLRISR4, SN74PLRI9RG, SN74PLR19R8 


REGISTERED-INPUT FIXED- oR ARRAYS 


NEG” of; | VERIFY 


-1/D INPUTS 


PIN 14. 
(INCLK) 


- PIN 13 
(OE) - 


PIN 22_ 
(L/R) 


PINTS — 
(OUTPUT) 


PIN 1 
(OUTCLK) 


FIGURE 3 — ARCHITECTURAL FUSE PROGRAMMING WAVEFORMS 


programming procedure for architectural fuses (see Note 52) 


Step 1 Apply low levels to all I/D pins and 5 volts to the Vcc pin. 

Step 2 Raise Vcc pin to ViHH. 

Step 3 Raise INCLK pin to ViHH. 

Step 4 To program a D input pin into an | input pin pulse the selected pin to VIHH. 

Step 5 Lower INCLK to Vi_ and Vcc to 5 volts. 

Step 6 Raise pin 13 and all I/D input pins to ViHH. 

Step 7 Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to VipjpH to select pin 23, 

‘Step 8 Raise INCLK to ViHH, 

Step 9 To verify that fuse has been blown, pulse selected | pin from ViHH to Viz, then to Vi and back to Vin 
while clocking pin 1. If output at pin 15 follows the | input the fuse has been blown. 

Step 10 Repeat above steps 1 thru 9 for each D input to be programmed into an | input. 


NOTE 2: Refer to pin assignments in operating mode for programming selected I/D pins from D inputs to | inputs. 
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B4PLAI9LB, SN7APLAISLE 


REGISTERED-INPUT FIXED-OR ARRAYS 


1) 


INPUT LINES 


(23) 


1/D 
PRODUCT 
LINES 
(22) , 
al 
nA (20) 15 
SENS RESET C ARE RARER eee 
———————————— ee 
esa OA ws ee BE OS PE WO 
a cess o Sica 
Pd Suemeeemmeencatceenecemsceeenescem = Ge (19) 
SE SOS EO SS RE EROS eS eo ee oe ED 1/0 
a ee 
(18) 16 
aS aR -~ ca 7 
ees (17) 
oe ooo) > ps 1/0 
GSRhensenems — 
(16) 19 
SER RSE 
EH 2 es wR SRR “a 
souaeaee 
ae 
(15) 4 
ope inctk 
(13) | 
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a ee Ste ee ied 


auaaeaRes 


Ht | 
+ og — (22) 110 


(23) sip . 


o6@@e0w 


one 


—~<h (14) INCLK 


<p?) oe 
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TYPES SNSAPLAISRG, SN74PLAISRG 
REGISTERED-INPUT FFIXED-OR ARRAYS 


INPUT LINES 


a y : : : : 
TN 
riLettiilt iit Ti BUR MEARZE 

=a ee Lee Ba 4 
& 
anne aeonne eS 
[ad aa 
£ = 
enan Senna ne hee ae ened ) 


VD 


PRODUCT 
LINES 


seeeeo 


3 i : { 
22) 1/0 


16 
e : 
a 20), 
are e « “s Q 
?- 


n- 
a 


oc2 peeeroaren 7 i GM Sak TR GEER ARERR EERE See 
20 ae ae £2 ies 6B oe B 


<p inci 
<plls) or 
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42 


Tr ir... 2s 


(23) uD 
PRODUCT 
LINES 
0 - RMSE RBASs 
Pecan os © ae BE ES I EARS SRS ee 
TE —EE—E—E=EKz~—NE>—=E*=T=E={[__—_—=_a Tee Ba (22) 
‘ etre TT tT Tit? Tit) Lit tt tlt tie E ec re) 
ter —-ett Prt ttt? titi tit) Lt LLL ttt et i 
Pore: 5 OS ESSE op A Os SE Ee Se : 
7 Sue eee asts Pf FF TE Tt RASMANRTANRBARTSSSA nes 
ri my TTT tr eee ae 1s 2, 
— 3 er 
8 TTT TILL LILLE LLELLL-ELLLL LLLLULLLL LULL LL It + i 
9° SSS Fe 
* =—TT Tt o_o D> pencalrn 
0: TT TTrT——————q—=*£Z*[—;—q—z<—T—K—e— ooo cy 
o SSMS SVees aa KSEE UTEARE SSE e ee eee 
5 - ———— Oe a 
a Sera anainaugten.| 


a 
IH 
qnageag 
RY 

a 

| [rs 
va 

5 

Oo 


DW 
Uy 
[2] 
Li 
vin 
3 
= 


UU 
$a 
L\ 


(14) 


Cp—" INCLK 


opi!) ge 
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FIELD- TYPES SNS54PLTISL8, SNS54PLT19R4, SN5S4PLT1SR6, SNS4PLTISR 
PROGRAMMABLE  -SN74PLT19L8, SN74PLT19R4, SN74PLT19R6, ‘SNTAPLTI 9R8 
LOGIC _LATCHED-INPUT FIXED-OR ARRAYS 


- 02710, DECEMBER 1982—REVISED SEPTEMBER 1983 


@ Standard 24-Pin, 300-mil Packages oe ~ © Data Input Registers Programmable _ 


@ Output Registers Automatically Clear to Buffers 
During Power-Up . @ Choice of ssa Speeds | 
—1 Parts... 30 MHz Max, Standard power 


@ Output Registers Have Preload 


Capability . —2 Parts... 20 MHz Max, Half power | 


1/DINPUTS 


‘PLTI9LB -{. 

‘PLT19R8 me 1 eee 

‘PLT19RG | | _.... 6 (3-state buffers) 

‘PLTI9R4 | | _ 4 (3-state buffers) 
description oe oi ae 


These fixed-OR arrays with eleven data inputs provide input registers that can be.used as they are or r be programmed 
into buffers: Some outputs of the ‘PLT19R8, ‘PLT19R6, and ‘PLT19R4 have registers that can be loaded from the 
1/0 pins by a preload procedure, while others are I/O ports and standard 3-state outputs. All the outputs are automatically 
set to a low ‘level when power is applied. The —1 and —2 parts offer a choice of operating frequency, ne 
times, and power dissipation. 


The SNS4PLT1 9! is. characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74PLT19’ is characterized for operation from O°C to 70°C. . 


pin assignments in operating mode (voltages at pins 1 and 13 less than ViHH) 


SN54@’ ... JT PACKAGE 
_SN74‘ ... NT PACKAGE . 


oa (TOP VIEW) tba. ie Seat 
‘PLT19R4 ‘PLT19R6 ‘PLT19RB 
eure OUTCLK 
/D I/D 
/D /D. 
1/0. VD 
i/D VD 
i/D /D 
/D- /D 
I/D /D 
/D a 
_ VO /D. 
I/D a6 
GND en 


“Pin 14 is also used for the preload procedure on page 46. 
schematics of inputs and outputs 


EQUIVALENT OF EACH I TYPICAL OF ALL OUTPUTS 


Vec 


PIN 13: Reg = 5 kQ 
ALt OTHERS: Reg = 10 kN 


" “ADVANCE INFORMATION | Copyright © 1983 by Texas Instruments Incorporated 
This document contains information on a new product. 
Specifications sre subject to change without notice. TEXAS aes 
INSTRUMENTS. 


POST OFFICE BOX 225012 ® DALLAS; TEXAS 75265 


‘TYPES SNS4PLT19L8, SN54PLT19R4, SN54PLTI9R6, SN54PLT19RS 
‘SN74PLTISL8, SN74PLT19R4, SN74PLT19R6, SN74PLT19RE 
LATCHED-INPUT FIXED-OR ARRAYS 


_ functional biock diagrams 


‘PLTISR4 


‘PLT19R6. 


5 
-_ 
i 


NORPRO ROAD) 


absolute maximum ratings over operating free-air temperature range ( unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ............. cece eee Sisguih aa ease co tate ad ase aerate dae lies ss 7V 
Input voltage (see Note 1)........... cece ccc e eee n eee eees eden tes coe aie PASI LE Oe eee oleae §.5V 
Voltage applied to a disabled output (see Note 1)...............05. Te Oe ER Pe Rent nee MEET TOE 55V 
Voltage at any programming pin.......... 6... eeeeecee eee enna nee Sonia al dag eau awed pia eae eases 12V 
Operating free-air temperature range: SN54PLT’.......... asia goan OER Tr en OR —55°C to 125°C 

- SN74PLT’....... sueeeamiee cuba nel gievanletideaseperese ees O°C to 70°C 
Storage temperature range ........ Oaeeaci let ata alae Noma nas tins Mamet loan uen uaa aan ee seses —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during 8 preload cycle. 


= :, ;, , S eke ‘ i Serene neem nes am ee ee : = 3 
ee | | : - 883 
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TYPES SNSAPLTI9LB, SNS4P 
SN74PLTI918, SH74P 


| =a oad MIN NOM MAX 
45 5 55 
| Vin High-levelinputvoltage | CC 
VoH __ High-level output voltage 
lou High-level output current a a 
| tor —siLow-leveloutputcurrent | 
eo ee! Le 


electrical characteristics over recommended free-air operating temperature range 


Vik dT Veg = MIN, h=—18 mA 
a a 
: 


3 
z 
x 


/Oports | . 
) Vcec= =0.4V 
lozL Vo = Cc = MAX Vo =0 | 


| OE input | ax, eng. iss 
All others ce vie a 


' 
. 


l 
IL | Allothers = 
OS = MAX, Vo = 2.25 V 
vec= WAX. Vj=0V. 
Outputs open 75.100 


tFor conditions shown as MIN or MAX, use the appropriate value ‘specified under recommended operating conditions. 
+All typical values are Vcc = 6 V, Ta = 25°C. 
§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Ios. 


{ 
o 
iy 


‘PLT19R8, ‘PLT19R6, ‘PLT19R4 timing requiremen 


Telock Clock trequeneySSC~C~—“—*S*~“‘—*S*~sSC‘i S*SC*C‘“‘*~«SC*S 
tw Clock pulse duration, clock high or low > aaa 
ten Setup time, Dinput before INLEt Di aa 

[th Hold time, input or feedback before OUTCLK)_ «4 Oo SSS~—~*” 
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46 


switching characterlatics over iiecommentad: ppsrating ee -air + temperature: ect al © {unless otherwise 
ed pe eg ate ie be he ; 


ee —1PARTS “2 PARTS 
CONDITIONS MIN Typt MAX 


tee Le ie —[ mr] 
gp pve —[96, oeiee 
ES ee ee 
(Bla ee 0S (cee eee ee 
a a | 


UNIT 


eg TTT 170, 0, asthed ag a 
eee ee 
Tie vo. ve[ vo fates fe 


TAI typical values are Vee = 5 Vv, Ta = 25°C. 


~ PRELOAD PROCEDURES ; 


Voc 
< _ OUTPUTS DISABLED 
_. VIH 
OF | 
2 ee I ten 
i ENABLE PRELOAD —— Joo 
MWS Se acaba pesacamncearans 
PIN 14 | ‘a me 
v _ 
| \ oe nee 
VIHK --— —-—- — ee alo ll. | 
| 
' oy VERIEFVNEWD 
VOH- = Srare oa VERIFY O'n+1 | 
Vos 
PINT ViH 


(OUTCLK) vy, 


FIGURE 1—PRELOAD VOLTAGE WAVEFORMS = 


preload procedure for registered outputs 


Step 1 Pin 13 to Vi, Pin 1 to ViL, and Vcc to 5 volts. 

Step 2 Pin 14 to ViHH. 

Step 3 Apply an open circuit for a low and Vip for a high at the Q outputs. 
Step 4 Pin 14 to VIL. 

Step5 = —- Remove the voltages applied to the outputs. 

Step6 = Pin 13 to Vi. 


Step 7 Check the output states to verify preload. 
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pin scsi enniedts in programming inode (PGM ENABLE, ; pin 1 or 4 1, at at VINK) | 7 
PRODUCT TERMS 32 THRU | 63 


PRODUCT TERMS 0 THRU 31 
- (TOP VIEW) 

PGM ENABLE [11 WJ2al] Voc 
POLjJ2 a2zij* | 
Pt {j3 PO3 
PI2 [ |4 PO2 
PIs ]5 | POT 
pia. (J6 POO 
PIS L]7 PAO 
PIG [ [8 PAI 
PI7 (9 PA2 
PIB [-j10 L/R 


131] PGM VERIFY 


*No programming function. Make no connection. 


INPUT 
LINE 
NUMBER 


o 


ODNA MH AWH = 


TABLE 1—INPUT LINE SELECT 


PIN NAME 


(TOP VIEW), 
pcm verity (]1 J 2al} vec 
polLj2 23) * 
piLj3 22, J u/R 
Pi2L}]4 211] -PAO 
PI3 LJ5 PAT 
pia L}6 PA2 
PIs L}7 PO3 
Pi6 |}8 PO2 
PI7 Lj9 PO1 
Pig |J10 POO 


TABLE 2—PRODUCT LINE SELECT . 


PRODUCT PIN NAME 


LINE) 


NUMBER | 
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POO PO1 po2 POSPA2 PAI PAO 


NNNNNN NNN NNN NNN ON 


rd 
Z 
2 
Zz 
zZ 
Z 
ra 
zZ 
Z 
Zz 
Zz 
z 
Zz 
Zz 
Zz 
Zz 


NNNNNNNWSN 


13] PGM ENABLE 


NNNNNN NN NNN NN NNN NNON NON ONS 
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2 Bese 


A, SNT4PLTIORG, 


programming parameters, Ta = 25°C _ 


MIN NOM MAX 
Vcc _ Verify-level supply voltage x 45 5.0 5.5 


Vin High-level input voltage OSS 2 
[Vi Low-level input voltage SSSCSCSC~S~SCSCSCSCSCSSSCSC‘“‘“‘CSSCSSC*SNSCCCt 
[Von High-level output voltage SSCS‘ 

a 


HH 


a PGM ENABLE, L/R | 
Program-pulse input current PI, PA 


Vv 


Program-pulse duration at PO or I/D pins 7,- ae | 10 2———~=«~S CY 
tw2 Pulse duration at PGM VERIFY {100 


us 


t Setup time 


Su 
| th Holdtime sss 
Ttqq_ Delay time from Vcc to 5.5 V to PGM VERIFY | 
/tq2 .  Delay.time from PGM VERIFY | to valid output 
tag . Delaytime __ 


4. 
“Input voltage at pins 1 and 13 to open verify-protect (security) fuse 


_ Input current to open verify-protect (security) fuse = Po 400 


_ Pulse duration to open verify-protect (security) fuse = 
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ES SNS4PLTI9L8, SN54PLTISR4, SNB4PLTI9F 
SNTAPLTI9EB, SH74PLTI9R4, SH7APLT! 


PGM ENABLE 


SELECTED 
PI, L/R, PA PINS 
_ (SEE TABLES 

1 AND 2) 


' SELECTED 
PO PINS 
(SEE TABLE 2) 


a 1—> 
ten 7 ; ViH 
PGM VERIFY | | | . 
@ Ahigh level during the verify interval indicates that programming has not been successful. 
@ A low level during the verify interval indicates that programming has been successful. 


FIGURE 2 — ARRAY PROGRAMMING WAVEFORMS 


programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the appropriate (one 
of 40) input line and then pulsing the correct (one of 64) product line. ae levels for selecting input lines and product 
lines are shown in Tables 1 and 2. 


Step 1 Raise PGM ENABLE to VIHH- =. 

Step 2 Select an input line by applying appropriate levels to L/R and PI. pins. 

Step 3 Begin selection of the output line with appropriate conditions. on PA. os eee Table 2). 

Step 4 Pulse INLE to VIHH- 

Step 5 Raise Vcc to ViHH. . - 

Step 6 Blow the fuse by pulsing the appropriate PO pin to VinpH as shown in Table 2 for the picaiet line. 
Step 7 Return Vcc to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 4 will be less. than VOL 


if the fuse is open. 
Steps 1 thru 7 may be moan if the verification does not indicate that the fuse was successfully programmed (blown), 
but no more than 4 times. Verification is possible only with the verify-protect fuse intact. 


To prevent further verification, two last fuses may be blown by raising pin 1 and pin 13 to 21 volts +1 voit. Vcc 
is required to be at O during this operation. 
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1/D INPUTS 


PIN 14 
(INLE). 


PIN13 
(OE) 


PIN 22 | 


(L/R) 


PIN 15 
(OUTPUT) 


PINA 
(OUTCLK) 


VERIFY 


ROKR 


FIGURE 3 — ARCHITECTURAL FUSE PROGRAMMING WAVEFORMS 


programming procedure for architectural fuses (see Note 2) 


Step 1 


Step 2 _ 


Step 3 


- Step4 


Step 6 
Step 6 
Step 7 
Step 8 
Step 9 


Step 10 


‘Apply low levels to all 1/D pins and 5 volts to the Vcc pin. 


Raise Vcc pin to ViHH. 
Raise INLE pin to ViniH. : 


~To program a D input pin into an{ input pin — the selected pin to VIHH: 
Lower INLE to Vit: and Vcc to 5 volts. — 


Raise pin 13 and all |/D input pins to ViyH. oe 
Set pin 22° 22 to Z to select pins 2 thru 11 or set ca 22 to ViIHH to select pin 23. 


Raise INLE to Vin. ae 
To verify that fuse has been blown, pulse select! pin from ViHH to VIL, then to Viy and back to VIHH | 


while clocking pin 1. If output at pin 16 follows the | input the fuse has been blown. 
Repeat above steps 1 thru 9 for each D input to be programmed into an | input. 


NOTE 2: Refer to pin assignments in operating mode for programming selected I/D pins from D inputs to | inputs. 


POST OFFICE BOX 226012 e DALLAS, TEXAS 75265 


983 © 


mat) 


_ INPUT LINES. 
aeons , Spero eo 


PRODUCT 
LINES 


oon 
BERGER RE RH Ae 


POST OFFICE BOX 225012 @- DALLAS, TEXAS 75265 


oe 
SB USA ae 250 anemone C 


(23) 7p 


(22) Oo 


__ (21) 1/0 


(29) 5/9 


(2) V0 


418). VO 


__(17) 1/0 


__(16) Vo 


(15) Oo 


a (14) = 


(13) 
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TYPES. SUG4PLT19R4,-SN74PLTI9R4 
LATCHED-INPUT FIXED-OR ARRAYS 


OUTCLK = >. 


INPUT LINES 


24 36 


io | sua 
vo (2) 43% | (23) ,, 


28 32 


D 


PRODUCT 
LINES 


(22) O 


BEGET 
TO 
va 
& 
OQ 


Ss 
a 
i 
a 
ae 
ini 
wOeED 
vin 
a 
® 
2) 


{\ 


<p!!4) ince 
<p oe 
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TYPES SN54PLT19R6, SN74PLT19R6 
LATCHED-INPUT FIXED-OR ARRAYS 


OUTCLK A > 


INPUT LINES 


20 24 


(23) 7p 


PRODUCT 
LINES 


P 
S52 
=H | | (22) 
+37) > eo Q 


a 

a 

a 

e 

a 

a 

8 

t 

a 

a 
| 
[\ 

- 

iE 


oc2 eT tt jd 

(8) <a +t CS SSSR Rea ee GSS eee esas 

/D 20 a 
mo SGGeB See ees oa 20 GE BECERRA NE GSR Ce ee ss eee 
int a 
SSREE PERMA RN ST RSAC RENE ROLE GESR OSS RECA es eee 
ee a a 

J 


COU 
al wi 
La 
van 
a 
OQ 


<p ince 
pls) oF 
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TYPES SN54PLT19R8, SN74PLT19R8 
LATCHED-INPUT FIXED-OR ARRAYS 


outcik © 


- 
INPUT LINES 


0 4 8 12 16 20 24 28 32 36 


VD (2) Pfiez “TTT LLLLLLLIE LLL LLL Tr ede = (23) ve 
TTT trlltl litl Jill Te Ln 


oe be 
A 


PRODUCT 
LINES 


TEE ETE LEE 
TTT ILL LE LLL (22) 
STITT LLL LL ee ec Q 
errr TTT Trill CULL LLL CLI soca Se | 
TO eee . 
PTT ausesues oo 
PTT TTT TTT TT TLL LLLLLELLL LLL) TTT 
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FIELD PROGRAMMABLE LOGIC 


INTRODUCTION . . 
Texas Instruments Field-Programmable Logic is the result of combining established Advanced Low-Power Schottky 
technology with the familiar Titanium-Tungsten (TiW) fuse-link technology used in PROMs to produce a family of 
powerful new user-programmed devices. Not everyone is familiar as yet with the Field-Programmable Fixed-OR Array. 
(FOA), Logic Sequencer (FPLS), and Logic Array (FPLA). The highlights below are presented to start the process of 
familiarization by describing some of the unique advantages available to the designer who can create custom logic on 
demand to meet special requirements. 


@ Package count reduction compared to standard catalog SSI and MSI logic. 
@ Lower cost due to reduction in substrate or PC area, connectors, overall system size, and assembly labor. 


@ /mproved reliability through fewer interconnects (IC bond wires, solder connections, through-holes in PC © 
boards, connector contacts) and simplified substrate circuitry. 


@ Circuit flexibility that will adapt to custom applications. 
@ Shorter design cycle as compared to special-order devices. 
Field-Programmable Logic is intended to integrate functions normally implemented with standard gates, flip-flops, 


and MSI. it can be used to reduce miscellaneous logic package count, or as ‘“‘glue’’ around high-density LSI circuitry 


(i.e., microprocessors and gate arrays). It is positioned as a ‘‘gap filler’ between standard catalog logic devices and 
large-scale integration. 


- 


r oe GaP ape Ge eameep ae eee Gee @ Ge Ge Ge Gp =» ae 


CATALOG LOGIC ! GATE ARRAY/LSI 


FIELD-PROGRAMMABLE LOGIC 


LOW DIGITAL LOGIC COMPLEXITY SPECTRUM > HIGH 


DEFINITIONS AND SYMBOLOGY 


Just as logic symbols simplified schematics, the new terms and symbology presented here will simplify array logic 
diagrams for programmable devices. New terms will be highlighted by italics throughout the text. 
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SYMBOLOGY 


All the products presented are variations of a basic two-array architecture. A typical Field-Programmable Logic device 
may have over 100 gates and in excess of 1000 fuses. Because of this, it is necessary to devise a shorthand symbology 
to simplify logic diagrams. The logic diagrams used in this data book will adhere to the symbology presented below. 


First, view a conventional two-input AND gate. Inputs are designated as A and B. The output function of the AND gate is 
the product of the inputs (F = AB). 


A 
F=A-B 
Ue 8 —{ }— OUTPUT 
FIGURE 1 


Now redraw the same logic element using array symbology (Figure 2). Notice that the AND gate is represented as 
having a single input called a product line. The input terms are shown as lines perpendicular to the product line. The 
output (product term) is the product of the input terms. 


INPUT TERMS 
A 8B 


PRODUCT FAB | 
LINE OUTPUT (PRODUCT TERM) 


FIGURE 2 


In the following figure we will extend the symbology to develop a simple programmable array element. First, notice that 
buffers have been added to the inputs. These buffers make available both true and complement states of any input to 

_ the product lines. Second, notice that another AND gate has been added. The intersection of the input terms and 
product lines form a 4 X 2 AND array. 


INPUT TERMS 


PRODUCT TERMS 


SUM OF PRODUCTS 
OUTPUT 


PRODUCT 
LINES 


AND ARRAY | 


ame cme cum cum cme cm ond 


FIGURE 3 


Third, the product terms of the AND gates are summed with an OR gate. The output function is now the sum of products 
of the input lines. 
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To make the structure in Figure 3 useful, provisions must be made to program the AND array. Programming is done 
by means of fusible TiW links. A fuse is located between the input term and the actual input to the AND gate (see 
Figure 4). In our special array symbology, a fuse is visualized to exist at each intersection of the input terms and 
product lines. 


INPUT TERMS 


A >a 


INPUTS i 
ott 


oem ; 
= a> 


TCT 
F 
PRODUCT \ & , OUTPUT 
LINES 
ea BR 
Sees aNere 
Pe Ty 
| AND ARRAY | | 


FIGURE 4 


Now we can express the output function F in terms of the inputs. Notice that fuses | f2, f3, f5, and f8 have been blown 
and A and B are still connected to AND gate #1 through fuses f1 and f4. Likewise, Aand B are connected to AND gate 
#2 through fuses f6 and f7. The output can now be expressed as F = AB + AB. 


A compact representation of the unprogrammed version of Figure 4 using the rules explained in Section 6 of the ALS/AS 
data book is shown in Figure 5. ; 


FIGURE 5 


Figure 6 will further show how the function F = AB + AB is represented in our array symbology and will present the 
convention used to show the fuse states ina programmed array. This convention simply places an X at the intersection 
of each input term and product line for which an intact fuse is required. Blown fuses will be represented by the absence 
of an X at the appropriate intersection. 
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Unused product lines, where all fuses are left intact, can be noted with an X in the AND symbol. This product term will 
always be inactive (i.e., have no affect on any sum term in which it appears). If all fuses are blown ona product line, the 
output containing this product term will be disabled (i.e., forced high). Exercise care in programming to avoid this 
condition. 


F=AB+AB 
OUTPUT 
. F=AB+AB 
OUTPUT 
FUSE a. 


FUSE pee 5 


NOTE: ALL FUSES BLOWN ON A 
PRODUCT LINE RESULTS IN 
A DISABLED OUTPUT 


PRODUCT TERM 
NOT USED = INACTIVE 


FIGURE 6 


The symbology is further extended to include the two-array circuit structure, which is the basic Field-Programmable 
Logic architecture. Figure 7 is a two-array logic diagram. In earlier examples, the AND gates were summed ina single 
OR gate. In the two-array structure, the AND gate outputs enter a programmable OR array. The OR array allows any 
product term to be included in the sum term of any output or in all outputs. 


INPUT TERMS 
INPUTS 


PRODUCT TERMS 


Se ne aun a= «2p Gp aD 


OR ARRAY 


a 
a a” 

| ee ee eae eRe 
ol 
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I 
i 
PrRopuct & | ! 
LINES i zis 
| (Aa) 
(AC) 
= . 
l AND ARRAY 
e ed V SUM TERMS 
FO = ABC 
F1 = ABC + AB 
F2= ABC + BC + AC 
. OUTPUTS =———=§p | FO F1 
FIGURE 7 
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All of the Field Programmable Logic circuits described in this data book are variations of the two-array architecture. 
Variations will include output registers, internal feedback, feedback registers, and fixed OR arrays. Figures8,9, and 10 
represent simplified versions of three specific families of Field-Programmable Logic. 


FIELD-PROGRAMMABLE LOGIC ARRAY (FPLA) 

The basic two-array structure developed in the symbology section is more commonly referred to as a Field- 
Programmable Logic Array. A useful addition to this structure would be an output-enable function as shown in the 
generalized FPLA diagram below. 


ENABLE i 
INPUT TERMS 


PRODUCT 
LINES 


- loooooeo! 
OUTPUTS a FO Fn 
FIGURE 8 
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FIELD-PROGRAMMABLE LOGIC SEQUENCER (FPLS) 

Field-Programmable Logic Sequencers (FPLS) are designed to solve state-machine seoblane of the Mealy type. Based 
on the FPLA structure, they include flip-flop elements in feedback paths between the OR and AND arrays as shown in 
Figure 9. These flip-flop elements can be of the D type or J-K type. Logic jevele fromthe OR acny can also be stored in 
flip-flop elements in each output. 


Le 

a 

0 > 
INPUTS : a 

In b> sim 


OUTPUTS 


FIGURE 9 
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FIXED-OR ARRAYS (FOA) oe 

The Fixed-OR Array is a special case of the FPLS that is capable of solving Mealy-type state-machine problems. The 

FOA does not have a Programmable-OR Array. Product terms are partitioned and allocated to specific outputs. All 

product terms allocated to an output are summed with a single OR gate. Output feedback, as well as registered inputs 
_ and outputs, are added to the structure to increase logic utility. Figure. 10 includes generalized diagrams of various FOA 

structures. 


INPUTS 


) ) — > OUTPUT 


: TTP cs 
Ao] 
0000 
6 n 
' oud 


INPUTS 5 OUTPUT 


FIGURE 10 


DESIGNING WITH FIELD-PROGRAMMABLE LOGIC ARRAYS 
The basic logic implementation of Field-Programmable Logic devices is the previously developed AND-OR array. 
Additions to this structure provide unique functional capabilities. This section will review these logic structures. 


INPUTS 


All data inputs are configured to provide both true and complement components to the AND array. These inputs are 
either buffered or registered. Control pins also exist for enable and clock functions. 
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The normal array input is through a buffer with true and complement outputs of the buffer made available to each 
product line serougn a TiwW fuse. 


Some device types in the Field-Programmable Logic family have programmable latched inputs. With the latch fuse 
intact, the input acts as an edge-triggered D-type register or transparent latch depending on device type. The true and 
complement outputs of the input latch are made available to each product line through a latch fuse. With the latch fuse 
blown, the input latch is converted into a normal buffered input (see Figure 11). 


REGISTER FUSE INTACT 


D-TYPE REGISTER 
FUNCTION TABLE 
LD Terock [To [a] o_ 
TH, a 


ea i Ri a e Qo = THE STATE OF OQ BEFORE CLOCK f 


Om MO [INTACT 
a [ t} 


M1 [BLOWN] 


Tif fuse is intact, data enters on the low-to high transition of the clock. If the fuseis blown, the register eoonies permanent transparent andi is equivalentto a 
normal buffered input. é 


LATCH FUSE INTACT 


| TRANSPARENT LATCH 
| FUNCTION TABLE 
leo TENABLE | D | a | O | 
a ae ee a 
~~ HH [| H | H |] L | 
PLE XL Om | 
a -+ Qo = THE LEVEL OF Q BEFORE ENABLE 4 


tif fuse is intact, data enters while the control input is high. If the fuse is blown, the latch becomes permanently transparent and is equivalent to a normal buffered 
input. 


REGISTER/LATCH FUSE BLOWN 


FIGURE 11 
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CONTROL PINS . 

Clock and latch-enable pins allow external control of input and output latches. Output enable controls the operation of 

the registered three-state outputs. 

OUTPUTS 5. aes oe | 

Various output configurations provide a design flexibility not previously available to the designer using catalog logic. 
@ PROGRAMMABLE I/O - The combinational output of the FOA incorporates 3-state drivers if the enable function 


is logically controlled by the AND array (see Figure 12). This allows the output to be programmed as an input, an 
output, or logic-controlled I/O. 


@ 3-STATE OUTPUTS - The FPLA and FPLS have output enable pins available for 3-state control, and the registered 
outputs of the FOA are controlled by a common output enable. Three-state control of the combinational outputs 
of the FOA is accomplished through programming as described earlier. 


PROGRAMMABLE 3-STATE OPERATION 

ALL FUSES BLOWN ... NORMAL OUTPUT 

ALL FUSES INTACT .. . OUTPUT IN HIGH-Z STATE 
FUSES SELECTED ... PROGRAMMED I/O 


OUTPUT 


INPUT 


FIGURE 12 


@ REGISTERED OUTPUTS - The FPLS and some FOA’s have latches on their outputs. The FPLS has a transparent 
latch on each of its 6 outputs. The output function levels are stored by a common asynchronous latch enable pin 
LE. 


TRANSPARENT LATCH 
FUNCTION TABLE 


Oo = THE LEVEL OF O BEFORE LE t 
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The output(D) latch on the FOA stores output levels with a low-to-high transition of the clock. This structure also 
provides feedback of OQ through a true and complement buffer to the Programmable AND array. 


@ OPEN-COLLECTOR OUTPUTS - Some devices have open-collector outputs available. These outputs may be 
wire-ANDed (active-high) or wire-ORed (active-low). This feature requires no external logic, which would add to 


the component count and propagation delay. 


@ POLARITY SELECT - Circuitry provides a polarity setect fuse for each FPLA output. The function of these fuses is 


shown in Figure 13. 


ENABLE > 
POLARITY FUSE (uma : —_ 
INTACT: OUTPUT = PO+ P1 + ...+ Pn | ey ) 
BLOWN: OUTPUT=PO-P1:...-Pn = | 


0 7p—- 
een: (een pene Gee 


INPUTS 
FO Fn 


OUTPUTS 


Ty 
-—P_t 


P0000 COO!s 


FIGURE 13 
FEEDBACK PATHS 
The Q feedback of the output register of the FOA (see Figure 14), provides the basis for implementing sequential 


functions. The FPLS (Figure 15), is designed to solve state-machine problems of the Mealy type. It contains four J-K 
flip-flops completely buried in the feedback path between the OR and AND arrays. 


i a D-TYPE REGISTER 


TT] Tp SI FUNCTION TABLE 
DEH THT HTL AX inal 


ENABLE 


FEEDBACK Oo = THE LEVEL OF O BEFORE CLOCK t 
FIGURE 14 
66 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


& 
(AND 
ARRAY) 


INPUTS 


FIGURE 15 


P| 
(OR 
ARRAY) 


_ TExas | 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PLA APPLICATIONS 


OUTPUTS 


eco0o0o0o 000 


67. 


PLA APPLICATIONS 


LOGIC BLOCK EQUIVALENCE 

Now that the individual circuit functions have-been discussed, we will review the implementation of each of the basic 
logic functions (AND, OR, NAND, NOR, and exclusive OR). Figure 16 presents a comparison of basic logic function, the 
logical equivalent, and the implementing logic diagram for a nonregistered output. 


BASIC LOGIC LOGICAL IMPLEMENTING LOGIC DIAGRAMS 
FUNCTION DESIREDt EQUIVALENT 123 


NAND 


oO 9 Y 


+1 =13+W=0 


EXCLUSIVE 
NOR 


K R=K-L 
L tReL 


t ASSUMES POSITIVE LOGIC 


FIGURE 16. COMPARISON OF BASIC LOGIC FUNCTIONS 


REFERENCE INFORMATION 
Comprehensive comparisons of Low-Power Schottky (LS), Advanced Schottky (AS), and Advanced Low-Power 
Schottky (ALS), as well as details for circuit design, are presented in our Application Report Number B215, ‘Series 


54ALS/74ALS Schottky TTL.” Application Report B215, used in conjunction with the data sheets for the specific 
device, will allow confident designing with Field-Programmable Logic. 
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PROGRAMMING FIELD-PROGRAMMABLE LOGIC 


Each device data sheet includes a programming procedure that defines the conditions for programming. Programmers 
are commercially available for most devices with equipment for future devices in development. Listed below are some 
of the manufacturers of programming equipment. 


@ Cybernetic PGM Systems @ Curtis Electro Devices 
® Data I/O ® Valley Data Sciences 
@ Kontron @ Storey Systems 

@ Pro-Log @ Varix 

@ Stag Systems ® Sunrise Electronics 


® Structured Design 
Device design has been coordinated with Data I/O and their Model 19 has been used throughout design and 
characterization. For a current list of certified programmers, please contact your local Tl sales representative. 


Programming FPLAs and FPLSs is largely manual. Computer-controlled programming capability currently exists for 
20-pin Fixed-OR Arrays. Control is by means of computer software, which is available from the manufacturer. Software 
for 24-pin Fixed-OR Arrays is under development and will be included in later application notes. 


PREPARATION AND PROGRAMMING 
Regardless of the type of equipment to be used for actually programming devices (blowing fuses), the basic design and 
programming requirements are the same. Figure 17 presents a simplified flow chart of programming options. 


Since the Fixed-OR Array affords the widest variety of parts and output options, it will be used for both the manual and 
computer-aided examples. First, we will describe the circuit selected for the example, then discuss the specific steps 
required prior to programming the parts. 


MANUAL PROGRAMMING COMPUTER AIDED PROGRAMMING 


GENERATE STATE TABLES GENERATE OR SELECT AREA GENERATE i 
(OUTPUT VS INPUT) FROM LOGIC DIAGRAM SPEC 
LOAD 
ASSEMBLER 


GENERATE 
AND/OR 
INPUT 
DATA 


SELECT 
OUTPUT/S 
EXECUTE 
PROGRAM 


ae 
SELECT BEST DEVICE 


MARK LOGIC DIAGRAM 
FOR DESIRED FUSE CONDITION 


FORMAT FOR PROGRAMMER 
INPUT PER MANUFACTURER'S 
INSTRUCTIONS 


LOAD DATA TO OUTPUT 
PROGRAMMER RAM DOCUMENTATION 


@ FUSE PATTERN 
INSERT DEVICE AND e@ CHOICE OF FORMAT 
BLOW FUSES QUANTITY OF FUSES 
TO BE BLOWN 
e EQUATIONS 
ENTERED 


PROGRAMMED 
PART 


FIGURE 17. SIMPLIFIED FLOW CHART OF PROGRAMMING OPTIONS 
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PROGRAMMED EXAMPLE 

Figure 18 is a partial schematic of the decoding portion of a commercially used video controller as implemented with 
standard catalog SSI logic. Circuit analysis reveals that this circuit is primarily a waveform generator designed to 
decode the state of the 5-bit counter. The edge-triggered latches are clocked and cleared with respect to the clock (CK) 
input. Figure 19 is the timing diagram generated to establish the individual waveforms. The labeling defined in the 
legend of Figure 18 will help understand the partitioning used to implement this circuit using Fixed-OR-Arrays. Most of 
the original circuit can be implemented by a direct function for function conversion, however, some rearrangement is 
required to take full advantage of the flexibility of the Fixed-OR-Arrays. Since the FOA has a common clock and no 
clear, | must be developed as shown in Figure 20. 


NOT INCLUDED IN 
PROGRAMMABLE ARRAY LOGIC 
IMPLEMENTATION 


LEGEND: 


() EXTERNAL INPUTS TO 

=" ORIGINAL CIRCUIT 

O 1/0 - SELECTED NODES FOR 
CIRCUIT PARTITIONING 


@) [[] OUTPUTS OF PROGRAMMABLE 
DEVICES 


FIGURE 18. DECODING PORTION OF VIDEO CONTROLLER WITH STANDARD CATALOG LOGIC 
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CK 


FOA EQUIVALENT WAVE FORMS 


BRP, VBRP, BP 
(P4) r a] | 
| 


WRP ee et aes 
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—e4 je— DA & LC VALID 


COUNT 15 


FIGURE 19. TIMING DIAGRAM FOR VIDEO CONTROLLER (SEE FIGURE 18) 
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By partitioning the circuit as shown in Figure 18, a pin assignment can be made and the most suited Fixed-OR Array 
selected. In this example, the ‘PL16R6 and ‘PL16L8 have been selected. The logic diagram for the equivalent circuit as 
implemented using the selected devices are shown in Figure 20 and Figure 21 respectively. Figure 22 presents the 
detailed schematic of the counter. The counter implementation is a part of the ‘PL16R6 represented in Figure 20. 
Figure 21 is included only to complete the conversion example (programming is not shown). The combination of (1) 
feedback buffers as inputs with true and complement, (2) input true and complement, (3) common clock for D latches 
and the selectable use of each input allows the entire circuit shown in Figure 18 (excluding the one device circled) to be 
replaced by two array-logic devices. This results in a part count reduction of 17 to 2 (88%) and an interconnect 
reduction of 83% plus the reduction in printed circuit board complexity and area. 


SEE FIGURE 22 FOR DETAIL 


WOO As ee 
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FIGURE 20. VIDEO CONTROLLER IMPLEMENTATION, DECODE NUMBER 1 FOR ‘PL16R6 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


Pg 


PLA APPLICATIONS. 


WRP = 4+8+16+LC 


BRP=1+2+4+8+16+LC 


VBRP -1+2+4+8+16+X1 


BP=1+2+4+8+16+X2 


RP = X2+X3 


X3=CKX-1-2+4-8- 16+ 
2°4+8+16 


FP=X1+X3 


PI1=1+2+4+8+16 


PI 4 


FIGURE 21. VIDEO CONTROLLER IMPLEMENTATION, DECODE NUMBER 2 FOR ‘PL16L8 
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FIGURE 22. FIXED-OR ARRAY 5-BIT COUNTER IMPLEMENTATION 
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MANUAL PROGRAMMING EXAMPLE 
Now that logic equations have been generated in Figure 20 and Figure 21 asa result of the analysis and restructuring of 
the circuit implementation, we are ready to prepare for programming the devices as follows: 

1. Take a copy of the logic diagram for the selected device (see Figure 23). 

2. Label each output. 

3. Assign names to each input. In Figure 20 the inputs are circled and the outputs enclosed by a square. 

4. Mark the location of each fuse required to implement the equations. Note that all inputs to the array for outputs 1 

through 16 are from the feedback buffers. Example: 2 on pin 17 is fed back to input lines 10 and 11. 


To implement the equation 2 = Q1-Q2 + Q1*Q2, place an X at the intersection of 


INPUT LINE - PRODUCT LINE 
7(Q1) 16 
10(Q2) 16 
6(Q1) , “17 
11(Q2) 17 


NOTE: The inputs DIS and PAY are not on the original schematic. They have been used here to demonstrate (1) the 
simplicity of programming for three-state control, (2) the IF statement for the computer-aided program, and (3) the 
device versatility. 

5. The preparation for programming the device is now complete except for formatting the fuse locations to comply 
with the input requirement of a particular programmer. Since equipment manufacturers have not yet 
standardized on address and data input formats, refer to the programming instructions for your particular 
programmer. | 


COMPUTER-AIDED PROGRAMMING 

Programmers are available with interface packages that will allow the simplification of inputting data. Options vary 
from the ability to output from paper tape to direct terminal or computer control. Many data formats are also available 
for the remote controlled programmers. Examples of acceptable formats include HEX, BHLF, and BPNP. 


NOTE: Since the programming results cannot be verified after the security fuses are blown, a separate test fixture is 
required to blow these two fuses (see the data sheet for instructions). 
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FIGURE 23. ‘PL16R6 LOGIC DIAGRAM 
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J ceramic dual-in-line packages 


20-PIN J CERAMIC 


24,76 (0.975) 
23,62 (0.830) 


GO OOGOOOOY 


: 0,63 (0.025) R NOM 
7,87 (0.310) 
7,37 (0.290) 


7,62 (0.300, 


822 (0208) OOOO OOOOO 


0,51 (0.020) 
a] 1,27 (0.060) NOM 1,78 (0.070) MAX 20 PLACES 


GLASS 
5,08 (0.200) SEALANT 


MAX 
‘ SEATING PLANE — * a YS 
a i tt 0,76 (0.030) MIN 


yest 16 PLACES 
20 PLACES 
0,356 (0.014) 
. wal 0,203 (0.008) | 0,306 (0.012) Mt ! ae ei 20 PLACES 
20 PLACES 4 PLACES iT 0,38 (0. 


(0.060) 
0,38 (0.018) 4 PACES 


PIN SPACING 2,54 (0.100) T. P. 
(See Note a) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


24-PIN JT CERAMIC 


31,8 (1.250) MAX 


DOQOOOOOOOOO 


€ g 0,63 (0.025) R NOM 
8,26 (0.325) 
7,37 (0.290) 


,62 (0.300) 


22 (0.266) OQOOOOOOOOOO® 


0,51 (0.020) nr 
1,27 (0.050) NOM MIN .78 (0.070 
: ——_—_—_— 24 PLACES 
0,76 (0.030) iste GLASS 


SEALANT 
5,08 (0.200) 
MAX 
SEATING PLANE 
105° 0,76 (0.030) MIN 
90° 24 PLACES 
24 PLACES ; 0,58 (0.023) 


0,356 (0.014) 3.30 (0.130 —+| ————— 24 PLACES 
—o\\-— 9205 16.008) : in ) 0,38 (0.015) 
24 PLACES 


PIN SPACING 2,54 (0.100) T. P. 


2,54 (0.100) MAX (See Note a) 


4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


NOTE: a. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


N plastic dual-in-line packages 


20-PIN N PLASTIC Ae aia 


q 2,4 (0.093) R NOM 


7,62 + 0,25 
(0.300 ¢ 0.010) SAO CINON 


6,86 + 0,25 
(0.270 + 0.010) 


2,0 (0.080) NOM 


eC 0,51 (0.020) 
0,25 (0.010) NOM 


5,08 (0.200) MAX MIN 


———SEATING PLANE 
0,84 (0.033) MIN 
16 PLACES 


90° 
20 PLACES 0,28 + 0,08 0,457 t 0,076 
4 (0.011 * 0.003) 3.94 (0.155) {0.018 + 0.003) 


' 20 PLACES 3,17 (0.125) 20 PLACES 
(See Notes b and c) 1,68 (0.066) 

0,22 (0.009) PIN SPACING 2,54 (0.100) T. P. 

4 PLACES sSesiteese's} 


105° 


ALTERNATE SIDE VIEW 


> j—178 (0.070) MAX 20 PLACES 


Be ecu ae | 
5,08 (0.200) MAX ri YY VY H 


accordance with the a 0,457 + 0,076 

Gosea ee ac 3,94 (0.155) >| (0.018 + 0.003) 

the option of TI plants 3,17 (0.128) 20 PLACES 
PIN SPACING 2.54 (0.100) T. P 


tocated in Europe. 1,91 (0.075) 


02 (0.040) (See Note a) 
4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


24-PIN NT PLASTIC 


31,8 (1.250) MAX 


OHOQOOOOOOOO® 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


2,0 (0.080) NOM 


7. (0.280) MAX OOOOOOOOOOO® 
ca. 1 93 (0.033) 33 10.033) 24 PLACES 
0,25 (0.010) NOM 5,08 (0.200) 
2,16 (0.085) MAX 
PIN SPACING 2,54 (0.100) T.P. 


7,62 + 0,25 
0,38 (0.015) 
—— SEATING PLANE ; 
be 0, 84 (0.033) MIN 
24 PLACES 
4 PLACES 
(See Note a) 


(0.300 * 0.010) 
MIN 1,78 (0.070) 
0,28 +.0,08 —«3,17 (0.125) MIN aa 0,457 + 0,076 
(0.011 + 0.003) (0.018 * 0,003) 
24 PLACES 24 PLACES 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


NOTES: a. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
b. This dimension does not apply for solder-dipped leads. 
c. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane. 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


i Sake Office 


ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix, P.O. Box 35160, 8102 N. 23rd Ave., 
Suite A, Phoenix, AZ 85021, (602) 995-1007. 


CALIFORNIA: El Segundo, 831 S. Douglas St., El Segundo, 
CA 90245, (213) 973-2571; Irvine, 17891 ——<. pst 
Irvine, CA 92714, (714) 660-1200; Sacramento, 1900 

West Way, Suite 171, Sacramento, CA 95815, (916) 929- ODD; 
San Diego, 4333 View Ridge Ave., Suite B., San Diego, CA 
92123, (714) 278-9600; Semea Clara, 5353 Betsy Ross Dr., 
Santa Clara, CA 95054, (408) 980-9000: ; Woodland Hills, 
21220 Erwin St., Woodland Hills, CA 91367, (213) 704-7759. 


COLORADO: Denver, 9725 E. Hampden St., Suite 301, 
Denver, CO 80231, (303) 695-2800. 


CONNECTICUT: Wallingford, 9 Barnes Industrial Park 
a Industrial Park, Wallingford, CT 06492, (203) 
4 


FLORIDA: Clearwates, 2280 U.S. Hwy. 19 N., Suite 232, 
Clearwater, FL 33515, (813) 796-1926; Fe. Lauderdale, 2765 
N.W.. 62nd Sc., Fr. Lauderdale, FL 33309, (305) 973-8502; 
Maisland, 2601 "Maitland Center Parkway, Maitland, FL 32751, 
(305) 646-9600. 


GEORGIA: Atlanta, 3300 Northeast Expy., Building 9, 
Atlanta, GA 30341, (404) 452-4600. 


ILLINOIS: Arlington Heights, 515 W. Algonquin, Arlingron 
Heights, IL 60005, (312) 640-2934. 


INDIANA: Ft. Wayne, 2020 Inwood Dr., Fr. Wayne, IN 
46805, (219) 424-5174; Indianapolis, 2346 S. Lynhurst, Suite 
J-400, Indianapolis, IN 46241, (317) 248-8555. 


IOWA: Cedar Rapids, 373 Collins Rd. NE, Suite 200, Cedar 
Rapids, [A 52402, (319) 395-9550. 


MARYLAND: Baltimore, 1 Rutherford Pl., 7133 Rutherford 
Rd., Baktimore, MD 21207, (301) 944-8600. 


MASSACHUSETTS: Waltham, 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 890-7400. 


MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd., 
Farmington Hills, MI 48018, (313) 553-1500. 


MINNESOTA: Edina, 7625 Parklawn, Edina, MN 55435, 
(612) 830-1600. 


MISSOURI: Kansas City, 8080 Ward Pkwy., Kansas City, 
MO 64114, (816) 523-2500; St. Louis, 11861 Westline 
Industrial Drive, St. Louis, MO 63141, (314) 569-7600. 


NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, NJ 
07066, (201) 574-9800. 


NEW MEXICO: Albuquerque, 5907 Alice NSE, Suite E., 
Albuquerque, NM 87110, (505) 265-8491. 


NEW YORK: East Syracuse, 6700 Old Collamer Rd., East 
Syracuse, NY 13057, (315) 463-9291; Endicott, 112 Nanticoke 
Ave., P.O. Box 618, Endicott, NY 13760, (607) 754-3900; 
neta Page a , Suite 3C10, P.O. Box 

Melville, NY 11747, (516) 454-6600; Poughkeepsie, 201 
South Ave., Poughkeepsie, NY 12601, (914) 473-2900; 
—— 1210 Jefferson Rd., Rochester, NY 14623, (716) 
424-5400. 


NORTH CAROLINA: Charlotte, 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930; 

, 3000 Highwoods Blvd., Suite 118, Raleigh, NC 
27625, (919) 876-2725. 


OHIO: Beachwood, 23406 Commerce Park Rd., Beachwood, 
OH 44122, (216) 464-6100; Dayton, Kingsley Bldg., 4124 


Linden Ave., Dayton, OH 45432, (513) 258-3877. 


- OKLAHOMA: Tulsa, 7615 East 63rd Place, 3 Memorial 
Place, TulstOK 74133, (405) 250-0633. 


OREGON: Beaverton, 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Ft. Washington, 575 Virginia Dr., Ft. 
Washington, PA 19034, (215) 643-6450; Coraopolis, PA 


15108, 420 Rouser Rd., 3 Airport Office PK, (412) 771-8550. 


12501 Research Bivd., P.O. Box 2909, 


Austin, TX 87), (512) 250-7655; Dalles P.O. Box 1087, 


Richardson, TX 75080; Houston, 9100 Southwest Frwy., Suite 
237, Houston, TX 77036, (713) 778-6592; Sen Antonio, 1000 
Central Park South, San Antonio, TX 78232, (512) 496-1779. 


UTAH: Sele Lake City, 3672 West 2100 South, Salt Lake 
City, UT 84120, (801) 973-6310. 


VIRGINIA: Fairfax, 3001 Prosperity, Fairfax, VA 22031, 
(703) 849-1400; Midlothian, 13711 Sutter's Mill Circle, 
Midlothian, VA 23113, (804) 744-1007. 


WISCONSIN: Brookfield, 2 ae Way, Suite 214, 
Brookfield, Wi 53005, (414) 784-3040. 


WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bidg. 6, 
Redmond, WA 98052, (206) 881-3080. 


CANADA: Ottawa, 436 Mac Laren St., Ortawa, Canada, 


. K2POM8,(613) 233-1177; Richmond Hill, 280 Centre St. E., 


Richmond Hill L4CiB1, oe Canada, (416) 884-9181; Se. 


wy. 
D 
@ e 
TI Distributors 
ALABAMA: Hall-Mark (205) 837-8700. 


ARIZONA: Phoenix, Kierulff (602) 243-4101; Marshall (602) 
968-6181; Wyle (602) 249-2232; Tucson, Kierulff (602) 
624-9966. 


CALIFORNIA: Los Angeles/Orange County, Arrow (213)_ 
701-7500, (714) 851-8961; Kierulff (213) 725-0325, (714) 
731-5711; Marshall (213) 999-5001, (213) 442-7204, (714) 
556-6400; R.V. Weatherford (714) 634-9600, (213) 849-3451, 
(714) 623-1261; Wyle (213) 322-8100, (714) 641-1600, San 
Diego, Arrow (619) 565-4800; Kierulff (619) 278-2112; 
Marshall (619) 578-9600; R. V. Weatherford (619) 695-1700; 
Wyle (619) 565-9171; San Francisco Bay Area, Arrow (408) 
745-6600; Kierulff (415) 968-6292; Marshall (408) 732-1100; 
bh eh ora 727-2500; — Barbara, R. V. Weatherford (805) 
I 


COLORADO: Arrow (303) 758-2100; Kierulff (303). - 
790-4444; Wyle (303) 457-9953. 


CONNECTICUT: Arrow (203) 265-7741; Diplomat (203) 
797-9674; Kierulff (203) 265-1115; Marshall (203) 265-3822; 
Milgray (203) 795-0714. 


FLORIDA: Ft. Lauderdale, Arrow (305) 776-7790; Diplomat 
(305) 971-7160; Hall-Mark (305) 971-9280; Kierulff (305) 
652-6950; Orlando, Arrow (305) 725-1480; Diplomar (305) 
725-4520; Hall-Mark (305) 855-4020; Milgray (305) 647-5747; 
Tampa, Diplomat (813) 443-4514; Hall-Mark (813) 576-8691; 
Kierulff (813) 576-1966. 


GEORGIA: Arrow (404) 449-8252; Hall-Mark (404) 
447-8000; Kierulff (404) 447-5252; Marshall (404) 923-5750. 


ILLINOIS: Arrow (312) 397-3440; Diplomat (312) 595-1000; 
Hall-Mark (312) 860-3800; Kieruiff{312) 640-0200; Newark 
(312) 638-4411. 


i 
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INDIANA: Indianapolis, Arrow (317) 243-9353; Graham 
(317) 634-8202; Ft. Wayne, Graham (219) 423-3422. 


IOWA: Arrow (319) 395-7230. 


KANSAS: Kansas City, Component Specialties (913) 
492-3555; Hall-Mark (913) 888-4747; Wichita, LCOMP (316) 
265-9507. 


MARYLAND: Arrow (301) 247-5200; Diplomat (301) 
995-1226; Hall-Mark (301) 796-9300; Kierulff (301) 247-5020; 
Milgray (301) 468-6400. 


MASSACHUSETTS: Arrow (617) 933-8130; Diplomat (617) 
429-4120; Kierulff (617) 667-8331; Marshall (617) 272-8200; 
Time (617) 935-8080. 


MICHIGAN: Detroit, Arrow (313) 971-8200; Newark (313) 
967-0600; Grand Rapids, Arrow (616) 243-0912. 


MINNESOTA: Arrow (612) 830-1800; Hall-Mark (612) 
854-3223; Kierulff (612) 941-7500. 


MISSOURI: Kansas City, LCOMP (816) 221-2400; St. Louis, 
Arrow (314) 567-6888; Hall-Mark (314) 291-5350; Kierulff 
(314) 739-0855. 


NEW HAMPSHIRE: Arrow (603) 668-6968. 


NEW JERSEY: Arrow (201) 575-5300, (609) 235-1900; 
Diplomat (201) 785-1830; General Radio (609) 964-8560; 
Hall-Mark (201) 575-4415, (609) 424-7300, JACO (201) 
778-4722, (800) 645-5130; Kierulff (201) 575-6750; Marshall 
(201) 882-0320; Milgray (609) 983-SO10, (800) 645-3956. 


NEW MEXICO: Arrow (505) 243-4566; International 
Electronics (505) 345-8127. 


NEW YORK: Long Island, Arrow (516) 231-1000; Diplomat 
(516) 454-6334; Hall-Mark (516) 737-0600; JACO (516) 
273-5500; Marshall (516) 273-2424; Milgray (516) 546-5600, 
(800) 645-3986; Hall-Mark (516) 737-0600; Rochester, Arrow 
(716) 275-0300; Marshall (716) 235-7620; Rochester Radio 
Supply (716) 454-7800; Syracuse, Arrow (315) 652-1000; 
Diplomat (315) 652-5000; Marshall (607) 754-1570. 


NORTH CAROLINA: Arrow (919) 876-3132, (919) 
725-8711; Hall-Mark (919) 872-0712; Kierulff (919) 852-9440. 


OHIO: Cincinnati, Graham (513) 772-1661; Hall-Mark (513) 
563-5980; Cleveland, Arrow (216) 248-3990; Hall-Mark (216) 
473-2907; Kierulff (216) 587-6558; Columbus, Hali-Mark 
(614) 891-4555, Dayton, Arrow (513) 435- 5563; ESCO (513) 
226-1133; Marshall (513) 236-8088. 


OKLAHOMA: Arrow (918) 665-7700; Component Specialties 
(918) 664-2820; Hall-Mark (918) 665-3200; Kierulff (918) 
252-7537. 


OREGON: Kierulff (503) 641-9150; Wyle (503) 640-6000. 


PENNSYLVANIA: Arrow (412) 856-7000, (215) 928-1800; 
General Radio (215) 922-7037; Hall-Mark (215) 355-7300. 


TEXAS: Austin, Arrow (512) 835-4180; Component 
Specialties (512) 837-8922; Hall-Mark (512) 258-8848; Kierulff 
(512) 835-2090; Dallas, Arrow (214) 386-7500; Component 
Specialties (214) 357-6511; Hall-Mark (214) 341-1147; 
International Electronics (214) 233-9323; Kierulff (214) 
343-2400; El Paso, International Electronics (915) 778-9761; 
Houston, Arrow (713) 491-4100; Component Specialties (713) 
771-7237; Hall-Mark (713) 781-6100; Harrison Equipment 
(713) 879-2600; Kierulff (713) 530-7030. 


UTAH: Diplomat (801) 486-4134; Kierulff (801) 973-6913; 
Wyle (801) 974-9953. 


VIRGINIA: Arrow (804) 282-0413. 


WASHINGTON: Arrow (206) 643-4800; Kierulff (206) 
575-4420; Wyle (206) 453-8300. 


WISCONSIN: Arrow (414) 764-6600; Hall-Mark (414) 
761-3000; Kierulff (414) 784-8160. 


CANADA: Calgary, Future (403) 259-6408; Varah (403) 
230-1235; Hamilton, Varah (416) 561-9311; Montreal, CESCO 
(514) 735-5511; Fucure (514) 694-7710; Nepeon, ITT 
Components (613) 226-7406; Ortawa, CESCO (613) 
226-6905; Future (613) 820-8313; Quebec City, CESCO (418) 
687-4231; ITT Components (514) 735-1177; Toronto, CESCO 
(416) 661-0220; Future (416) 663-5563; ITT Components 
(416) 630-7971; Vancouver, Future (604) 438-5545; Varah 
(604) 873-3211; ITT Components (604) 270-7805; Winnipeg, 
Varah (204) 633-6190. es BD 
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